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John Bintliff 

“The Immense Respiration of a Social 
Structure”: An Integrated Approach to the 
Landscape Archaeology of the Mediterranean 
Lands 


Mediterranean; long-term history; landscape change; Settlement Systems; Annales School; 

technological history; state formation. 

In his iconic study of six hundred years of rural life in south-west France, 1 Le Roy Ladurie 
described the cycles of demographic and economic expansion and contraction visible in 
the historic record as “the immense respiration of a social structure.” Landscape Archae¬ 
ology is characterised by such a long-term vision of rural life, where the embeddedness 
of society, economy and technology, as well as worldviews and persistent ways of life, 
into distinctive regional landscapes allows us precious insights into the very essence of 
historical processes. This paper will take the longer-term perspective and review the many 
complementary approaches being practised today in Mediterranean landscape archaeol¬ 
ogy, and then set them within the framework of our aim to see larger patterns in the 
dialectic between dynamic societies and dynamic regional landscapes. 

The overall framework for the long term study of an inland sea was created for the 
Mediterranean by Braudel. 2 He developed with other members of the French Annales 
School the method of Structural History. Here any event, generation, Century or millen- 
nium should be approached through exploring the short term, medium term and long 
term contexts, whose waves of impact interact at any one point in time. These waves 
include geographical, economic, social, cultural and intellectual processes. 


Landscape Change 

We are all too well aware today of climate change, and certainly some periods of such had 
a widespread impact on all Mediterranean societies, such as the prolonged aridity around 
2200 BC 3 and a deep climatic downturn throughout Europe in the 6th Century AD. 4 Yet 
recent more sophisticated comparative climate studies allow us to see that a global climate 
change can have opposing effects across a macroregion, for example in the Mediterranean 
on either side of latitude 40 degrees North. 5 The greatest climatic effect was of course 
that from the last Ice Age to our Holocene postglacial period, before which substantially 
lower sea-levels created vast now submerged lowland hunting grounds. The rapid sea-level 
recovery to around 6000 BP pushed far inland of today but then stabilised to allow larger 
rivers to repel the sea in turn through delta formation. Modern Mediterranean Coastal 
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plains have usually experienced a dramatic series of changes over the last 10,000 years 
that can be reconstructed through coring, as for example at Troy, where the shore at its 
foundation lay well inland of the site. 6 

River alluviation brings us to consider erosion phases: surprisingly land degradation 
in the Mediterranean now appears to be rare and short lived, and most of the Holocene 
has seen stable land-surfaces and soil formation. 7 Nor are humans the only element in 
erosion. As work in Syria has shown, 8 a rise in the numbers of Settlements is not immedi- 
ately followed by land degradation, which may occur several generations or even centuries 
later: the explanation here is that the now open, cultivated landscape is pre-adapted to a 
period of extreme weather which is the primary cause of erosion. 


Navigation and Communication 

We can set the scene for the Mediterranean by noting the dominant currents for maritime 
travel, and the surprisingly large areas visible from different mainlands that encourage 
exploration. From the final Palaeolithic into the Neolithic, large-scale movement of ob- 
sidian from the Cycladic island of Melos shows marine competence, but surprisingly 
the leading specialist in the lithics involved, Catherine Perles, 9 makes a convincing case 
that these were brought by seasonal traders travelling throughout the Aegean coastlands, 
rather than by village to village exchange or direct procurement. This brings caution to 
the current interest in using Social Network theory (see infra) as in this early example, 
economic pragmatism precociously sidelines social factors. A recent reconstruction of 
a small oared boat made it to Melos safely, the likely scale of craft involved. But an 
astonishing recent discovery is that Crete was visited in the Middle Palaeolithic by boat, 10 
although even at the lowest sea-level of the last Ice Age it was still far from the Greek 
Mainland. Dates earlier than 130,000 BP are currently suggested for this achievement by 
Neanderthals. 

By the Early Bronze Age many images show the likely early craft, a small and a large 
oared sail-less boat. Broodbank 11 mapped the ränge of the small, ten person craft on a 
day return for this period on the Cyclades, suggesting a chain of endless small journeys 
tying scattered island populations together. The larger 25 person craft on a whole day 
journey created a mosaic of small worlds focussed around important Settlements. Around 
2000 BC however the knowledge of sailed boats diffused from the Eastern Mediterranean 
and these small island worlds were absorbed into larger spheres of economic, political 
and cultural influence radiating out from the palatial civilisations of Minoan Crete and 
later Mycenaean Mainland Greece, whilst the whole Aegean comes into a broader shared 
culture or ‘koine’ of the Eastern Mediterranean States. 

By the mature Iron Age, maritime confidence, together with social and economic 
drives, propel Phoenician and Greek colonisation waves throughout the Mediterranean 
and Black Sea. It may be significant that these two societies largely colonise ecologies 
closer to their homeland, respectively the Southern and northern regions. By the late 
Iron Age imperial States have developed, whose Stimulus to move goods by the cheapest 
means—sea rather than land—gave rise to massive boat traffic: the peak centuries of the 
Roman Empire were those producing almost all shipwrecks in the Central and West 
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Mediterranean. 12 Like most ancient economies, large-scale private commerce rode on 
the back of the state sponsored movement of foodstuffs to feed the imperial Capital and 
the frontier armies, as Fulford’s 13 model makes clear, and this includes the distribution 
of cultural objects like ceramics from major food producing regions (for example the 
ubiquitous red-slip tableware from North Africa). 

Maps and books of routes from Roman times are amenable to the novel approach 
called Social Network analysis, 14 allowing us to see the areas of densest route packing as 
opposed to more isolated or single link regions of the empire. In Roman Spain a ränge 
of links between towns, not just road and river Systems but also cultural Connections, are 
being used to create network maps revealing the degree of regional Integration. 15 This 
approach explores the degree to which a settlement’s size and importance are correlated 
with its location within webs of human movement. 

Human migration by land and sea creates potential merging of human populations, 
and here DNA and isotope analyses of human, animal and plant remains are a major new 
resource for plotting biomigrations. Nonetheless it is striking that a Computer scatter 
diagram of modern DNA groupings in Europe closely mimics the geographical dispersal 
of the countries the samples were taken from, 16 indicating a surprisingly high degree of 
genetic in-breeding rather than intermixing—the Mediterranean on this evidence appears 
to form a dividing rather than a linking sea for human interbreeding. 


The Diffusion of Technology and Cultigens 

Andrew Sherratt 17 pioneered the concept of the major impact caused by the progressive 
diffusion of new agricultural technologies for ploughing, terracing and irrigation, as well 
as alterations in the use of milk products and textile production, modifying where peo- 
ple could live, their economic productivity and population density throughout the Old 
World from mature Neolithic times onward. Kevin Greene 18 has argued that additional 
practical technologies spread throughout the Roman world due to high social mobility 
and the regulär displacement of units of the army, rather than through a conscious state 
policy of provincial development. This is paralleled in the early Middle Ages by Wat- 
son’s 19 researches into the Islamic Green Revolution, a whole package of crops and land 
use practices diffusing with ease within the expanding Islamic world. These expansive 
processes led to notable changes in areas occupied and types of land use across the Mediter¬ 
ranean macro-region and well beyond. 


Economic Growth 

These just-mentioned, accumulating, maritime skills, cultigens and technologies have 
tended to have an accelerating effect on human use of the landscape—as we see from 
Dalmatia in Coastal Croatia 20 where a chart of the number and size of sites correlated with 
their spread across different landscape types demonstrates a time-progressive colonisation 
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of the entire ränge of habitats available. In a similar fashion we can try to calculate the 
effect of the more productive economic practices of the Iron Age compared with the 
Bronze Age for the Mediterranean region, through the size of territory required by towns 
of varying sizes to feed themselves. 21 There is indeed a quantum jump in the number 
and size of urban centres in the later period. Such generalising studies must however be 
adapted to the ecological and economic potential of different landscapes, something done 
in a masterly way by Tony Wilkinson 22 for the Near East. 


Emergent Social Complexity, Urbanisation and State Formation 

Various powerful models have been deployed in the Mediterranean and adjacent Near 
East to account for the rise of complex societies at state level. I would emphasise the 
significant contrast between rural communities living at a face-to-face level and fissioning 
when over 150 people or so, and those at 5-600 people or more which tend to transform 
into city-state forms of behaviour. 23 These two modes reflect a tension between what is 
desirable socially and what is necessary biologically. The Neolithic villages of Northern 
Greece offer thousands of years of face-to-face society, 24 whereas the Greek city state with 
an average of 3000 people was replicated more than 1500 times around the Mediterranean 
and represents the other mode, one which was closely reborn in the 400 city-states of 
Medieval Italy. Tony Wilkinson 25 has modelled a common form of city state formation 
in Early Bronze Age Syria from a small world of village territories and showed how 
shortfalls from an emergent town in their midst can be met through draining surpluses 
from smaller satellites. A similar model of emergent urban statelets has been sketched by 
Barry Kemp 26 for the early stages of Egyptian civilisation. 

Wilkinson’s scale for village and then early city state territories conforms to hu¬ 
man geographers’ generalisations for pre-Industrial Settlement hierarchies, with the early 
statelet settling within a radius of power comparable to the catchment of a traditional 
market town, 2-3 hours or 10-15 kilometres radius. Although these central place Sys¬ 
tems do not compare to the elaborate nested geometry proposed by Christaller for ideal 
Settlement hierarchy development, empirical research, for example on Roman towns in 
Italy (and in Germania Inferior) shows a partial evolution towards simpler versions of 
central place mosaics. 27 


Beyond the Market Radius and Early State 

How does Rome cope when its city state origins explode into a giant empire well be¬ 
yond market- and early state-radii? Largely it does not try to, as it delegates most of its 
Organisation to the very cities it arose out of and their leading citizens, one reason for 
its long life. But there is a field of major research which seeks to model how imperial 
Systems emerge from city States and simple central place Systems. Core periphery and 
World System approaches 28 try to identify regions with greater military or economic 
complexity than their neighbours, which then draw these in to subordinate relationships. 
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For the Mediterranean the Sherratts 29 famously modelled the progressive creation of 
a World Economy through the Mediterranean from east to west during the Iron Age 
and early historic era, from out of the Near East and onwards to the Atlantic coasts 
of Spain. But they gave little scope for individual regions to pursue their own paths of 
development, one example being Later Bronze Age to Iron Age Sardinia, where a largely 
internal evolution of small States has been documented. Likewise, although Cunliffe 30 
chained the Sherratt’s expanding Mediterranean world economy to an Atlantic coast 
extension running through Spain, there is abundant evidence for the largely independent 
development of complex central place Systems in the Spanish interior landscapes. 

Some years ago I undertook a detailed case study of regional development trajectories 
in Greece, beginning with the historical shifts of military dominance over the Classi- 
cal period. 31 There appeared to be an historical displacement of political and military 
power from the Southern lowlands to the more upland north over time. The analysis of 
complementary archaeological evidence from regional surface surveys and the history 
of town foundations, identified the same clear pattern of radial expansion from an early 
heartland of precocious development in the south-east lowlands. In part this seems to 
show an expanding core-periphery effect, but closer examination identified a much wider 
list of factors behind the progressive shift in power and urban growth. They included di¬ 
vergent rates of economic and demographic development between regions with different 
Potentials, then the added effect of core Intervention into a slower developing periphery 
which can hasten, block or even reverse its growth. The late rise of marginal regions 
can also show long term unsustainability, as here in much of northern Greece. A model 
by Viazzo, following Malthus, is a fruitful one, suggesting that marginal landscapes go 
through boom-bust cycles of population and external connections. 

Recent research has suggested some new insights into the mechanics of regional dy- 
namics within ancient empires, through focussing on some remarkable processes at work 
in the Early and then Late Roman world. In the Late Republic and Early Roman Empire, 
there is increasing evidence for the expansion of proto-capitalism through the accumu- 
lating provinces under Rome’s sway. 32 Financiers and their agents diffuse through the 
Mediterranean and beyond, to set up inter-regional business operations and infiltrate 
local economies previously more focussed on regional production and consumption, 
increasingly using contracts rather than cash or physical goods in their transactions. 
The accompanying spread of villas and the decline of villages and family farms in many 
landscapes appear to accompany this, marking the rise of commercial farming for wider 
markets. As in modern global economies, inter-regional markets do not require that all 
landscapes are productive, and we see a new patchwork of lively, stagnant and almost 
empty countrysides within the Empire. Intriguingly, whilst Greek city-states may con- 
tain 70-80% of populations, Roman towns may invert this to low Urbanisation rates 
of maybe just 20%: perhaps Romanisation involved streamlined towns dominated by 
wealthier landowners and regional servicing communities anticipating the Early Modern 
capitalist town, a very different form of town to the people’s city of democratic farmers 
in the preceding Greek world. 

In Late Antiquity, during the 5th to 6th centuries AD, this process took a dramatic 
Step further, 33 since the overall productivity of the Roman Empire had declined drasti- 
cally due to Barbarian invasions, the loss of the Western Provinces, the decline of the 
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currency, and major population decrease. Against expectations however, the archaeologi- 
cal picture is often totally at odds with such economic weakness and a drain in manpower: 
new basilican churches sprout up everywhere like sown grass, sometimes of colossal 
proportions, and there are giant palaces and smaller mansions for provincial governors, 
bishops and wealthy rural landowners. Yet the same landscapes that have such monumental 
novelties are frequently clearly characterised by depopulation, and shrinking cities which 
are losing their urban appearance. On the other hand there is a mosaic reminiscent of the 
Early Empire but in a more extreme form: some regions see genuine expansion of Settle¬ 
ment, such as Central Anatolia and the Dead Cities of the Northern Levant hinterland. 

The explanation for this contrast can be sought in that body of theory known as 
Chaos-Complexity Science. The Second Law of Thermodynamics, the law of Entropy, 
does indeed state that all complex Systems inevitably and unavoidably will run down, not 
least major empires: as we observed, the Late Roman Imperium was haemorrhaging its 
human and economic resources at an unsustainable level. But Ilya Prigogine at Brussels 
University showed that even in complex energy Systems which are running down to 
simpler forms of dispersed low levels of activity, a concentration of remaining energy 
into focal points can create new elaborate phenomena. 34 Amidst emptying countrysides 
and shrinking towns, pockets of intensive rural production and magnificent buildings can 
thus arise. Significantly those rare landscapes of Late Antique rural expansion have been 
under-developed earlier in the Empire due to poor soils and difficult climates, such as the 
Konya Plain and the landscape of the Dead Cities. 

Finally globalisation can ultimately reduce regional variety to common forms of life 
throughout an inland sea or even across the world. The approach to the built environ- 
ment called Space Syntax 35 has identified emergent properties of urban growth which 
operate globally, such as the deformed wheel of a town’s major external routes heading 
out from the town centre, complemented by the organic creation of replicating urban 
neighbourhoods built like the town in miniature. 
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Prehistoric Land Use and Its Impact on Soil 
Formation since Early Neolithic. Examples 
from the Lower Rhine Area 


Anthropogenic soil formation; Neolithic to modern times; Lower Rhine Region. 


The soils of the Central European regions that have been settled since the Early Neolithic, 
such as the Lower Rhine Region (NW-Germany), have been influenced by agrarian soci- 
eties for more than 7000 years. This long history of Clearing, digging, hoeing, ploughing 
or fertilizing has had a deep impact on soil formation—beyond the well-known phenom- 
ena of soil erosion and colluviation. We will present examples for soil types which were 
formed as a result of human activities, and which are more archaeological rather than 
natural features: 1.) Luvic Phaeozems, which can be a product of Late Neolithic burning 
practices, 2.) Podzols and hydromorphic soils, which were initialized by forest clearances 
mainly during the Iron Ages, 3.) Cambisols, which are cryptic Plaggen soils built up since 
the Middle Ages and 4.) A ground surface which has been widely destroyed by concealed 
“micro surface mining” in the Early Modern Period. 


Luvic Phaeozems (Relics of Chernozemic Soils) as a Product of 
Neolithic Slash and Burn Techniques 

Buried humic and clay-rich dark soil remains (Bht horizons) in the Lower Rhine Basin 
(NW Germany) were formerly described as a typical component of Luvic Phaeozems. 
These Luvic Phaezomes had been considered as being evidence for the existence of Cher- 
nozems at the beginning of the Neolithic period in 5500 cal BC. Field observations, geo- 
chemical results and ages contradict this Interpretation: 1 the Bht horizons in the Lower 
Rhine Basin occur in a patchy distribution independent of relief position and climatic 
condition, and they are mostly connected with artefact-free but man-made pits (off-site 
features) consisting of the same Bht material (Bht-pits) (Fig. [lj. The presence of charred 
organic matter (pyrogenic carbon or Black Carbon) and its radiocarbon ages suggest 
that these Bht horizons are not relics of naturally formed soils but rather archaeological 
features caused by prehistoric burning practices. Pyrogenic carbon, mainly produced 
during the Young to End Neolithic period (4400-2200 BC), led to the characteristic 
dark coloring of the soil material. During this time span, slash and burn techniques were 
widely used in Central Europe. 2 

Although the field observations and the geochemical characteristics of the Bht fea¬ 
tures reflect a strong human impact, the parent material of the formation of Bht horizons 
was expected to be Pleistocene loess. New IRSL and OSL dating of the parent material 
(around 6.4-4.3 ka) indicate that the Bht horizons in the Lower Rhine Basin formed in 
early colluvial Sediments, which also date to the Young to End Neolithic period (Fig. [l]). 
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Fig. 1 | Excavation Düren-Arnoldsweiler: profile section with OSL samples. The dark humic and clay-rich 
illuviation horizon (Bht) is connected to Bht pits. Both Bht features are covered by younger colluvia (M), 
which preserved the brighter eluviations horizon (Al). OSL ages (ka): 1639-81 (M-horizon) = 2.12 ± 0.24, 
1639-82 (Al-horizon) = 4.30 ±0.43, 1639-83 (Bht-horizon) = 6.23 ± 0.73, 1639-84 (Bt-horizon) = 18.9 ± 2.0, 
1639-86 (Bht-pit) = 5.90 ± 0.60. Gerlach et al. ' 


2011 


Thus, the history of human induced soil erosion in the Lower Rhine area started more 
than 1000 years earlier than assumed, and was most likely connected to Neolithic burning 
practices which subsequently triggered soil erosion, and then influenced the formation of 
dark soils by eluviation and illuviation of the partly charred dark humic material, forming 
a Bht horizon which can be misunderstood as a diagnostic horizon of a natural Luvic 
Phaeozems. These Anthrosols are an example of strong human impact on soil-forming 
processes since the onset of agriculture. 


Pedogenesis of Podzols and Hydromorphic Soils after Forest 
Clearances 

Uprooting and farming change the soil-forming processes of sandy parent material to the 
point of intensive leaching of nutrients which can at last lead to a transformation from 
Cambisols to hardly-usable acid Podzols. Removal of crops and grazing animals enforce 
the depletion and may induce human mobility after abandoning arable fields. Although 
Podzols can be a result of climatic conditions, the Podzolization during the Holocene in 
Central Europe must be seen mainly as an anthropogenic process. 3 

Theo Spek 4 analyzed the interaction between soil properties and distribution of Set¬ 
tlements in detail for the Drenthe (NL). This landscape in N-Netherlands is dominated 
by glacial deposits with a wide ränge of sandy to clayey Sediments. While the first local 
Neolithic occupation (around 3400 BC) started by using sandy soils, probably with Cam¬ 
bisols, adjacent Podzolization enforced the later prehistoric farmers to shift more and 
more to loamy soils with better nutrient supply. Especially the plough enabled utilization 
of clayey soils since the Middle Ages, while the sandy podzolized areas were covered by 
heathland. 

Also hydromorphic soils, Gleysols as well as Histosols can be a result of deforestation 
and anthropogenic land use. They are controlled by groundwater conditions, which can 
change dramatically after opening a landscape. Especially the Iron Age period (800-50 
BC) is characterized by a human-induced rising of the groundwater level as a result of 
extensive Clearings. Archaeobotanical and geaorchaeological results show that new creeks, 
hydromorphic soils and swamp areas were created in the Lower Rhine Area during this 
period. 5 
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Humic Cambisols as Cryptic Plaggen Soils 

For centuries, arable land and sandy soils have been fertilized with Plaggen, a mixture of 
manure, sods, litter and sand. While in the Netherlands, Plaggen soils are widespread, 
they are more or less missing in the same sandy parent material beyond the Dutch- 
German border. Regional soil maps only display a humic Cambisol, 6 which is defined 
as a natural soil type. 

Düring archaeological excavations in the northern part of the lower Rhine Region, we 
found that most of the so-called humic Cambisols tend to be Plaggen soils. Some distinct 
properties such as the sods of typical Plaggen soils are missing and led to them being inter- 
preted as natural formed soils. Generally it is not easy to distinguish between an umbric 
horizon and a plaggic horizon by using hand augers. Clear evidence of anthropogenic 
features is required to differ between the two. 7 

The discussion about the age of Plaggen soils is still ongoing because it is difficult 
to date the relocated soil material by incorporated archaeological finds or charcoal. Both 
could be also relocated and yield only maximum ages while the Sedimentation of the 
Plaggen material can be significantly younger. 8 Dating the last Sedimentation process is 
only possible using the Optical Stimulated Luminescence technique (OSL). A first reliable 
OSL dating of a humic sandy horizon at the Lower Rhine Region, which can be now 
reinterpreted as a plaggic horizon, yields an age of 1.1 ± 0.1 ka. 9 This is one of the oldest 
ages (early High Middle Ages) of a plaggic horizon in the Dutch-German Region. 


Digging and Filling: Alteration of the Soil Surface 

The technique of fertilizing by direct deposition of more or less enriched (organic or 
anorganic) soil material (e.g. Plaggen or marl), especially from the Early Modern Period 
onwards, formed not only banked-up soils but also created excavated areas that changed 
the micro-relief and perforated the ground surface. 

Since the 19th Century, industrialization required a huge amount of building material 
such as brickearth, sand and gravel. Most of these historic pits are more or less completely 
refilled with soil material and are nearly invisible at the surface and in the auger. However, 
the disturbance of the original surface as well as the filled-in soil material—often with 
relocated artefacts—limits the possibility of reconstructing archaeological sites. It has 
been shown that more than 10 percent of a rural landscape can be affected by such 
soil disturbances, and this is only the part which can be identified based on our sources 
(e.g. hollows in Digital Elevation Models (DEM’s)), the true amount is definitely larger 
(Kg- @ This means that rural landscapes are more deeply affected by direct anthro¬ 
pogenic soil and relief modifications than was assumed before. 10 


Conclusion 

From a pedological point of view it is necessary to consider that since the onset of 
the Neolithic period, human activities have had a much greater impact on soil forming 
processes than reflected in the major soil classification Systems. 
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Fig. 2 | Rural landscape (2km 2 ) in the Loess Region near Aachen (Baesweiler). Left: The digital soil map 
(Geological Survey of Northrhine-Westfalia) mainly recorded Luvisols (brown) Colluvia (red) and some 
industrial soil destructions (NE corner). Right: The shaded relief of the DEM revealed that the landscape is 
strewn with artificial hollows = historic marl and brickearth pits. 


From an archaeological point of view, it may become necessary to revise conventional 
wisdom of a uniform, natural soil development for many Central European soils and to 
discover soil material as an archaeological feature. Prehistoric soil material, which has 
been preserved as pit fillings or buried and banked-up soils, contains valuable Information 
about the use and alteration of the ground. Geochemical data from such ancient soil 
material can therefore be used as proxies for cultural activities, e.g. to reconstruct farming 
Systems such as slash and burn practices. 
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Introduction 

The Port of Rotterdam is presently expanding Rotterdam harbour into the North Sea. 
A new 20m deep harbour canal is being dredged to connect to the existing harbour, 
thereby destroying buried Early Holocene drowned fluvio-deltaic landscapes. Archaeo- 
logical research in deposits of the Early Holocene age further upstream in the Rhine 
delta have revealed that Mesolithic hunter-gatherers adapted to the drowning landscape 
by using the highest parts of Late-Weichselian aeolian dunes for their hunting camps. 
This combined knowledge led to the challenge of finding such dunes in the harbour. 
At depths of 17-22m below OD in 17m water depth this was like looking for a needle 
in a haystack. Remnants of a river dune were indeed found followed by a spectacular— 
albeit small-scale—underwater investigation in 2011. This was the first time that many 
Mesolithic remains were encountered this deep and this far west. 


Late-Weichselian to Middle-Holocene Landscape Evolution 

The landscape evolution of the Holocene Rhine-Meuse delta in the Netherlands is ex- 
tremely well-known. 1 More recently, the research on landscape evolution of the delta was 
extended further to the west and even offshore into the present Southern North Sea. 2 
Meanwhile, the underlying Late-Pleistocene Rhine deposits were studied by Buschers et 
al. 3 Landscape evolution and palaeogeography of the delta are thus very well known in 
space and time. 

In the Younger Dryas, the Rhine was a braided river with several braidplains slightly 
incised in a Pleniglacial river terrace (Fig. |TJl). In times of low discharge, large parts of 
the braidplains feil dry. Sand was blown out of the dry parts of the braidplains onto the 
low river terrace where it was trapped by Vegetation. This resulted in large aeolian river 
dunes that reach heights of up to 15m above the terrace surface. These dunes are now for 
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the large part buried under Holocene fluvial deposits and peat. They are present all along 
the former braidplains from Germany to Rotterdam. West of Rotterdam, they seem to 
disappear. This is in fact a data-artefact: here they are buried too deep for the hand core 
drillings to reach them. After the onset of the Holocene, the Rhine became a meandering 
river due to the ameliorating climate and more constant discharge (Fig. [ljj). The fast 
rising sea-level in the Early-Holocene forced the Rhine to aggrade its floodplain. Before 
final drowning of the Western delta in the early Atlantic, 4 a freshwater delta existed here 
(Fig. [ljc). In this drowning delta, the tops of the river dunes were present as dry islands. 


Dry Islands in the Delta 

The seasonal presence of Mesolithic hunter gatherers on the river dunes is well docu- 
mented from many sites that have been excavated in the past decades. Several of these well- 
documented excavations have become famous, e.g. the Hazendonk 5 and the Hardinxveld 
sites. 6 The latter two were large excavations prior to the construction of the Betuwe 
route cargo railway from the Rotterdam harbour to Germany. At Hardinxveld, the old¬ 
est Mesolithic inhumation at that time and a dugout-canoe were among the spectacular 
results. Mesolithic hunter gatherers used the river dunes for their seasonal hunting camps. 
They kept coming back to the same locations for many years. This is hardly surprising 
because the tops of the river dunes were the only dry islands in a very wet swamp. That 
swamp, however, was very rieh in food and thus attractive for the Mesolithic hunter 
gatherers. Although these excavations all took place on river dunes further east in the 
delta, it is expected that river dunes further to the west may have been used in the same 
way. Here the problem is how to find these dunes. Due to the Holocene sea-level rise, 
the Holocene deposits reach a thickness of up to 20m. 7 The discovery of a small river 
dune under the Rotterdam city centre in an excavation that was necessary because of the 
construction of a new subway Station proved that river dunes are present in the area at 
stäke as well. 8 At that Rotterdam river dune location however, no archaeological remains 
were found. 9 


Looking for the Needle in a Haystack 

The deepening of the Yangtzeharbour (Fig. |2 Jd) to 22m is part of the Maasvlakte 2 expan- 
sion of the Rotterdam harbour. In a preliminary desktop survey, the possible presence 
of river dunes under the Maasvlakte 2 construction area was noticed (among many other 
things). 10 Hence, further archaeological research here was necessary. A special agreement 
between the Port of Rotterdam, the Cultural Heritage Agency of the Netherlands and 
BOOR (Rotterdam Archaeological Department) in 2008 provided the formal framework 
for further archaeological research that was necessary because of the construction of 
Maasvlakte 2. 11 The work in the Yangtzeharbour is part of that research, for which 
Manders et al. 12 provided a scientific framework. Many Mesolithic artefacts have been 
found on the artificial beach of Maasvlakte l. 13 The sand for this beach was dredged from 
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Fig. 1 | Younger Dryas to Early-Holocene landscape evolution in the Rhine-Meuse delta west of 
Rotterdam (see Fig. plfor location). (a) Rhine-Meuse braidplain in the Late-Weichselian. Note the presence 
of aeolian river dunes on the low river terrace adjacent to the braidplain. (b) Rhine-Meuse meandering river 
in an aggrading floodplain in the Early-Holocene. (c) Aggrading anastomosing Rhine-Meuse branches in a 
freshwater deltaic setting at the Early- to Middle-Holocene transition. Block-diagrams from Weerts et al. 
2011b 19. 


the North Sea floor nearby. This, too, points to the possible presence of archaeological 
remains under the Yangtzeharbour. The challenge has now become how to find out 
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Fig. 2 | The Yangtzeharbour location. (a) Location of the Maasvlakte, Rotterdam and Hardinxveld in the 
Netherlands. (b) Location of the Yangtzeharbour in the Maasvlakte. (c) Location of the river dune under the 
Yangtzeharbour. (a) and (b) adapted from Weerts et al. 2011a 81. (c) adapted from Vos et al. 2010 Bijlage 14. 


if there is something under there, or not. This is much like looking for a needle in a 
haystack. The part of the Yangtzeharbour that has to be deepened is over 3km long and 
500m wide. Water depth at the time was 17m. 

A desktop study based on existing core descriptions and cone penetration tests dealing 
with possible Mesolithic archaeology under the Yangtzeharbour was published by Vos et 
al. 14 One of the conclusions was that additional data collecting was necessary. This “field- 
work” was carried out in 2010 and clearly showed the presence of an intact drowned Early 
Holocene fluvial landscape underneath younger shallow marine deposits. 15 Based on shal- 
low seismics, existing cone penetration tests and 17 new piston cores with a penetration 
ränge from 2.2-4.5m, three areas with a high archaeological potential were recognised 


14 Vos et al. 2009 

15 Vos et al. 2010 
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Tab. 1 | Archaeological 
remains in the sieve residues of 
the Yangtzeharbour excavation, 
first half of the sieve residue. 


charcoal 

9520 

wood 

4 

plant material, burnt 

15 

bone 

4003 

bone, burnt 

3582 

antler 

0 

fish remains 

147 

fish remains, burnt 

0 

flint 

1371 

flint, burnt 

391 

stone other than flint 

39 


(Fig- |2j:). In Areas 1 and 3, remnants of aeolian river dunes were expected. Area 2 shows 
a palaeo-channel of unknown origin with high grounds on either side. Area 3 was hard to 
access because of ship traffic. Areas 1 and 2 were selected for further detailed landscape re- 
search using new cone penetration tests, very detailed shallow seismics and 52 additional 
piston cores that yielded almost 200m of undisturbed Sediment. In Area 1, the presence 
of a river dune was attested. In Area 2, a filled-in fluvial channel is present. This channel 
was later re-occupied by a tidal channel (from core-descriptions in de Vries 16 ). Thirteen 
of the piston cores in Area 1 contained archaeological remains, predominantly charcoal 
but also (burnt) bone and flint fragments. 17 No remains were found in cores of Area 2. 

The presence of archaeological remains on top of a buried river dune led, of course, to 
an underwater investigation, albeit on a small scale due to the circumstances. It was car- 
ried out in the autumn of 2011 using a special crane on a pontoon in the Yangtzeharbour. 
On three small locations on the dune, the Sediment was removed to just above the level 
with archaeological remains. This level was carefully excavated using a special scraping 
grab with exact horizontal and vertical positioning. The Sediment of each grab was trans¬ 
ferred into two big bags on board the pontoon, yielding 316 big bags. The Sediment of the 
big bags was subsequently sieved (10mm and 2mm mesh) on the Yangtzeharbour quay 
using water from the harbour. The sieve-residues have been sorted, resulting in many 
spectacular very well preserved (Early) Mesolithic remains including organics. Table [l] 
gives an impression of the results half way through the sorting Operation. 


Final Remarks 

The combination of knowledge of Mesolithic human adaptation in a drowning delta from 
earlier research, modern surveying techniques and landscape modelling led to the finding 
of a needle in a haystack: a Mesolithic hunter gatherer camp at 17.5-20m below OD in 
17m water depth. Additional laboratory research ( 14 C and OSL dating, palaeo-ecology), 
detailed description of the archaeological remains and final Interpretation are underway. 

f; 8 0 was drawn by Klaas van der Veen and adapted by Menne Kosian. Fig. [2] was 
compiled by Menne Kosian from figures drawn by Marjolein Haars (a, b) and Deltares 

(c). 

This paper is a contribution to Cost Action TD0902 SPLASHCOS Submerged Pre- 
historic Archaeology and Landscapes of the Continental Shelf. 
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Marieka Brouwer Burg 

Hunter-Gatherers in Dynamic Landscapes: 
Modeling Land Use Strategies in the Central 
River Valley of the Netherlands 


Mesolithic; hunter-gatherer; landscape modeling; decision modeling; subsistence- 

settlement strategies. 

Interactions between humans and the landscape have now become a Standard line of re- 
search for many archaeologists, anthropologists, geographers, and palynologists, to name 
just a few. However, the methods and techniques used to answer questions of human- 
landscape relationships differ greatly and can thus provide distinctive yet worthwhile 
perspectives. In the central river valley of the Netherlands, archaeological representation 
of the Mesolithic period is incomplete and scholarly understandings vague. To counteract 
these deficiencies, a simulated decision-based model is developed, founded on reconstruc- 
tions of the dynamic paleo-landscape. In this paper, a brief discussion is provided of 
the data and methodology employed, followed by implications of the model for the 
archaeological record. 

The Mesolithic period in the Netherlands lasted from c. 10,000-6000 14 C years B.P., 
bookended on the earlier side by the melting of the last glacial ice sheets in the Younger 
Dryas and on the later side by the arrival of agriculture as the primary mode of subsis- 
tence. From a geologic point of view, this post-glacial period is considered to have been 
extremely dynamic: climates ameliorated, glaciers retreated, sea levels rose, and isostasy 
occurred. The physiography of the lower Rhine river valley transformed from an alluvial 
plain with meandering channels flanked by higher Pleistocene grounds into a deltaic 
environment dissected by many small anastomosing channels. The environment shifted 
from polar desert, to semi-desert, to closed forest over the 4000-year period. However, 
it is unclear if individual Mesolithic hunter-gatherer-fishers were aware of these external 
landscape changes and further, to what degree these changes affected human behavior. 

To attempt to answer such questions, a multi-criteria decision-based model is de- 
scribed, based on detailed reconstructions of the landscape in three key study areas (see 
Kg# These study areas were spaced carefully throughout the central river valley of the 
Netherlands, and were chosen based on their ability to represent unique abiotic and biotic 
contexts throughout the Early and Mid Holocene. The paleo-landscape reconstructions 
were generated at 500 and 1000-year time intervals from geologic-geomorphologic data, 
borehole descriptions, groundwater level interpolations, and soil maps. On top of these 
physiographic surfaces, associated floral and faunal communities were overlaid with ref- 
erence made to macrobotanical, palynological and zooarchaeological information. 1 The 
goal of this phase of the modeling was to produce snapshots of the ‘total landscape’ in 
different spatio-temporal contexts within the lower Rhine river valley. 

Once a physical approximation of the landscape was achieved, the next Step was to 
apply the human element; that is, to explore the decision-making objectives and criteria 
that may have influenced the way that people mapped themselves onto the landscapes. 


2011 for a detailed description of the methodology. 


1 See Brouwer 
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Fig. 1 | The Study Areas, 
situated in the Netherlands. 
White dots represent Mesolithic 
archaeological sites considered 
in this research. 


Thismappingwouldhave entailed specific resource acquisition strategies, in which people 
keyed into specific resources or resource patches, as well as Settlement placement prac- 
tices. It was assumed that the latter practices were linked to a cascading set of associated 
objectives and opportunities. Further, it was assumed that Mesolithic hunter-gatherer 
groups thought of themselves as inextricably linked to the landscape, an important com- 
ponent within the larger functioning whole. 1 2 Therefore, the landscape as a cultural con- 
struction, in which meaning is uniquely embedded and encoded through various land¬ 
scape markers and toponyms, was also built into the modeling of human land use. 3 

Reference to the ethnographic literature of boreal and temperate forest hunter-gathe- 
rers was made in order to understand some of the overarching ways in which recent 
foragers think about and make choices concerning landscape use. Some objectives that 
appear to consistently impact decisions about resource allocation include securing suffi- 
cient subsistence and raw material resources, while concurrently minimizing any risk to 
the individual or group. 4 The most important criteria for placing a Settlement, no matter 
how ephemeral, appear to have involved finding reasonably dry locations with ample 
shelter from the elements. In many cases, obtaining a view was also considered, although 
this was most likely more important in settling longer-term base camps than shorter-term 
hunting camps or extractive sites. 

With these basic resource extraction and Settlement placement rules established, Simu¬ 
lation models were run within an environmental modeling Software known as PC Raster- 
TM. This Software allowed for the building of an iterative decision model that consid¬ 
ered a cascading set of objectives and criteria within a larger decision rule, or operative 
framework within which decisions are made. Six such decision rules were utilized, each 
representing a hypothetical hunter-gatherer adaptive strategy: 

1. Large game-focused foraging 

2. Large game-focused collecting 
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Fig. 2 | Flowchart of 
Decision-Making Model. 
(Adapted from Krist 2001 



3. Non-specific resource foraging 

4. Non-specific resource collecting 

5. Wetland resource-focused foraging 

6. Wetland resource-focused collecting 

These hypothetical adaptive strategies were intentionally chosen to represent generalized 
types of subsistence-settlement patterns that act as non-mutually exclusive ends of an 
economic-mobility spectrum, 5 with the Overall goal of heuristically exploring the impact 
and relative intensity of different constraints on decision making. 

For each 25 x25km surface developed in the paleo-landscape modeling (with a unit 
grid cell resolution of 100 X 100m), sets of nested decision-making objectives, criteria, and 
decision rules were run (see Fig. [2j. The results of this modeling were spatial surfaces 
depicting the suitability of each study area quadrat for specific subsistence-settlement 
strategies. The output of the hypothetical adaptive strategies was compared with the avail- 
able archaeological evidence. It is assumed that correspondence between the modeling 
Outputs and the archaeological record signifies that an adaptive strategy may have been a 
viable way to exploit the area in question. Correspondence was determined by averaging 
the overall suitability of a location for a given subsistence-settlement strategy, and then 
comparing with the dominant behavioral markers of such activities in the archaeological 
record. 

The model reveals a number of intriguing implications. First, water-logged marshy 
or wetland habitats are expected to be best exploited by hunter-gatherers using collector 
strategies, in which people fan out into the landscape to collect available resources and 
then bring them back to a dry-ground central base camp or staging area. This accords well 
with the archaeological evidence from the Hardinxveld-Giessendam late Mesolithic dune 
sites, where seasonal camps were repeatedly occupied. 6 Here, a variety of wetland and 
dryland resources were processed and consumed or used, as evidenced by diverse faunal 
and macrobotanical remains. The model output further implies that many smaller, short - 
term extractive/procurement sites should be found radiating outwards from the central, 
high-and-dry dune sites; future ground-truthing is required to test this hypothesis. 

The model also demonstrates that an inverse relationship exists between the patch- 
iness of an area and the degree of organizational flexibility allowed hunter-gatherers in 
terms of related procurement and mobility strategies, and with important ramifications 
for site patterning and group size. Highly patchy and heterogeneous habitats allowed only 
a small amount of organizational flexibility, indicating that edge zones were best exploited 
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via collector strategies, decreased residential mobility, and increased storage. In such 
environments, satellite-type configurations of camps are expected, with an expanded, 
multi-family base anchoring the Settlement System. Conversely, areas with low patchiness 
and homogeneously distributed resources allowed hunter-gatherers far more leeway in 
terms of their organizational flexibility. Having the ability to switch back and forth 
between collecting or foraging strategies would have been highly beneficial for hunter- 
gatherers who pursued resources in a less systematic manner. Group membership was 
likely fluid, with aggregation and fission occurring on an ad hoc basis. In such environ¬ 
ments (such as the eastern portion of the lower Rhine river valley), settlement patterns 
are expected to be less “neat” than in wetland contexts, entailing residential and logistical 
encampments of various sizes. Such patterning appears to be demonstrated by settlement 
data from sites with many occupational phases of varying size and scope (e.g., the Ooijer- 
hoek and Epse site complexes). 

The above discussion investigates only one line of predictions and implications for 
hunter-gatherer behavior; a number of other suggestions are generated by the model 
described here. 7 In summary, the model has shown that although the central river valley 
of the Netherlands was a dynamic area during most of the Early and Mid Holocene, 
Mesolithic hunter-gatherers likely did not detect these changes to the landscape at the 
individual scale. Rather, the results of this modeling exercise indicate that changes to 
the physical and biotic landscape would have been recognized at a generational scale, 
as memories of the landscape were compared over generations through the conduit of 
cosmology and oral histories concerning specific markers in the landscape. Furthermore, 
the model discussed here helps to elucidate some of the underlying patterning of hunter- 
gatherer land use, and can provide new ways of explaining the distribution of archaeolog- 
ical sites, as well as making more informed predictions about the uses of locations lacking 
in archaeological data. 


for further discussion. 


7 See Brouwer 
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1 Introduction 

In the southeast Netherlands large water basins are being constructed near Lomm as a 
passage for the Maas river during high-water levels. The research area is located on a 
terrace formed during the Younger Dryas close to the Maas river (Fig. [TJ. Since 1999, 
the area has been the object of archaeological research. First a reconnaissance study was 
carried out during which 18 potential archaeological sites were discovered. 1 In 2003 the 
sites were evaluated by digging 23 trenches, followed by three digging campaigns. 2 

In order to investigate human-environmental relationships through time a combina- 
tion of natural Science methods were applied including geomorphological (i.e. LOI, grain- 
size), micromorphological and botanical (i.e. pollen- and macrofossil) analyses. AMS 
14 C and OSL dating provided an accurate chronology for the Sediments. 

1.1 Palaeoenvironmental Reconstruction in Relation to Human 
Occupation 

Our research shows that the Maas terraces were more or less continuously inhabited since 
the Mesolithic. Most archaeological remains however, date from the Iron Age, Roman 
period and Medieval times. The distribution of the archaeological remains shows that 
there was a strong interaction between people and their physical environment. Humans 
adapted to the changing landscape (Fig.[2]), as most remains were found on the higher river 
terraces or their slopes, at a short distance from the Maas river. Because of the higher 
setting of the terraces they were seldom flooded and formed an excellent location for 
habitation. 


1.2 Younger Dryas (Palaeolithic) 

During the Younger Dryas the river Maas was a braided river with minor overbank 
deposition and very sandy and gravelly channel deposits. During the second part of 
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Fig. 1 | Digital Elevation Model of the study area with the location of the cross-section displayed in Fig.|2] 


Fig. 2 (on the next page) | Schematic cross-section through the study area showing the landscape evolution 
during the end of the Late Glacial and Holocene. 














































The Reconstruction of a Buried Maas River Landscape near Lomm (Limburg, The Netherlands) 


33 



Modern times 
formation of sandy over-bank deposits 
agricultural fields and meadows 




Iran Age 
almost no Sedimentation 
habitation on the higher levels 


Neolithic-Bronze Age 
infilling residual Channels 
almost no Sedimentation on the higher levels 



Early Holocene-Mesolithic 
incision of the meandering Maas river 
birch-pine woodlands, Start infilling residual Channels 



Legend: 


Pine forests 

Willow shrubs 

Ff 

Open water Vegetation 

Alder carrs 

O Juniper bushes 


Shore Vegetation 

Birch forests 

Hazel shrubs 


Grasslands/Meadows 

Mixed oak forests 

Vl» Heather Vegetation 

w 

Agricultural fields 





















34 


Johanna A. A. Bos et al. 


the Younger Dryas the climate became warmer and drier and river activity decreased. 3 
Aeolian activity increased and dune formation occurred. 4 The sand was blown from 
the Younger Dryas terrace onto the eastern bank of the valley, where as a result large 
dune complexes were formed on older river terraces. On the braided river terrace itself 
small dunes developed. In this period the Vegetation changed from open birch-pine forests 
to herbaceous Vegetation with dwarf shrubs. No indications for human presence were 
found. 


1.3 Preboreal - Boreal (Mesolithic) 

Due to the warming at the Start of the Holocene, Vegetation became denser and the 
discharge of the river became more regulär. As a result the river Maas changed towards 
a meandering pattern and discharge concentrated in one channel in the Western part 
of the study area. Other channels were abandoned and filled-in with clay. Due to the 
warmer/wetter climate, birch expanded and forests formed, in which also poplar and pine 
re-appeared. Düring this period, pine was restricted to the drier sand dunes and higher 
terraces. From the Boreal onwards, dense woodlands with deciduous trees developed, 
initially with hazel but later also with oak, elm, and lime. At the higher terraces pine 
remained present. 

The first signs for human occupation were found in the form of flint artefacts. How- 
ever, since the remains were not in situ it is not certain which activities were carried out. 
Certainly the area was of interest for hunting activities as just to the north, near Well 
Aijen, several Mesolithic sites were recovered on the higher levels of the early Holocene 
meander beit. 5 


1.4 Atlantic (Mesolithic - Neolithic) 

As the Atlantic accumulation continued, peat formation started in the residual channels. 
On the river terrace mixed deciduous woodlands with oak, elm and ash remained present. 
Oak was the dominant tree in these woodlands, with hazel, mistletoe, ivy and ferns as 
undergrowth. In residual channels alder dominated, while pine remained the dominant 
tree on the higher terraces. 

In the northern part of the study area, some open places developed in the forests 
where heather and pioneer Vegetation was present. These may be reflections of human 
interference in the landscape. However, no cereal pollen was found and despite the find 
of a pottery fragment from the early Neolithic, is it uncertain if these people lived in the 
area. 

1.5 Subboreal (Neolithic - Bronze Age) 

Infilling of the smaller residual channels continued until the Bronze Age. On the river 
terrace Sedimentation ceased. In the mixed deciduous woodlands the role of lime and elm 
decreased. The decrease in elm may be ascribed to the use of twigs and branches as winter 
food for the cattle by Neolithic people. 6 The presence of the Neolithic farmers in the area 
was also confirmed by finds of cereal pollen. 
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Düring the Bronze Age human activities in the area increased. On the higher parts of 
the terraces open places were created in the woodlands for fields and meadows. Despite 
signs for human occupation in the pollen data, only three graves were recovered near 
Lomm. Near Well Aijen, the location of the Bronze Age Settlements shifted from the 
early Holocene meander beit to the higher Younger Dryas terrace. This suggests the 
occurrence of regulär floods since the Bronze Age. At Lomm no indications for floods 
were found. 


1.6 Subatlantic (Iron Age) 

Düring the Iron Age peat formation in the main residual channel ceased. Sedimentation 
re-started at the end of the Iron Age when a gyttja layer formed in the peaty channel. The 
gyttja layer probably resulted from flooding due to a combination of increased human 
activities in the hinterland as well as higher groundwater levels caused by cooler and Wet¬ 
ter climatic conditions. 7 On the higher parts of the river terrace however, no noticeable 
Sedimentation occurred. 

The river valley was still forested with deciduous woodlands with oak as the dominant 
tree. Although these forests were slightly more open than during the Bronze Age, they 
remained relatively dense in comparison to other Dutch river areas. Beech expanded on 
the loess plateaus and on the higher grounds of the Maas river valley. Open places were 
created in the woodlands for arable fields where cereals, such as emmer wheat and barley, 
were grown. Due to cattle grazing, woodlands became more open and meadows further 
extended. 

During the Iron Age, occupation of the area further increased, as reflected in the 
construction of a large number of granaries. Despite their number, only one farmstead 
from the early Iron Age was found in the northern part of the area. In the mid-Iron 
Age a cemetery and impressive rectangular cult-place was built. Some of the smaller 
buildings were probably also connected to the cult-place and may have been used for 
ritual actions. The cult-place was built in the lower area remarkably close to the active 
Maas river channel. Apparently the proximity to the river was evidently more important 
than a high and dry location. 


1.7 Subatlantic (Roman Period) 

The Roman period is characterized by a change in habitation and land use. During this 
period the region was intensively occupied. Agricultural fields and meadows replaced the 
woodlands on the nearby loess plateau and in the river valley. The change in Vegetation 
and use of the hinterland caused a higher flood frequency and induced regulär flooding 
and overbank deposition of the study area. This resulted in an increase in the Sedimenta¬ 
tion rate at the end of the Roman period. This increase in Sedimentation rate triggered by 
deforestation and human cultivation is also known from the Bronze Age onwards from 
large river Systems such as the Rhine, 8 while at Lomm it occurred not earlier than the 
Roman period. 

Also the Vegetation change in the Maas valley during the Roman period differs from 
that at the nearby loess plateau. In the hinterland, the Vegetation change occurs gradually 
from a forested landscape to a more open landscape. At Lomm, the Vegetation change 
from the Iron to the Roman period seems more abrupt. In the northern part of the study 
area natural forests—which were still present during the Bronze and Iron Ages—were 
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largely replaced during the Roman period by large scaled meadows and cereal fields with 
rye. In the Southern part open forests with oak and hazel and some lime and elm remained 
present. 

In contrast to the large changes in Vegetation, the occupation of the area seems to 
proceed more gradually. The cemetery that came into use during the Mid-Iron Age was 
still used in the Roman period. Moreover, from the Roman period only a few traces 
for human occupation were found (i.e. a water well, granary and farmstead). Roman 
settlements apparently concentrated further south of the study area. 

1.8 Middle Ages 

During the Middle Ages Sedimentation on the river terraces continued. Beech increased 
in the forests during the early Middle Ages (450-1050 AD) and probably reflect a re- 
generation phase caused by a decline in population numbers. 9 Some fields and meadows 
remained present in the area. During the 7th-8th Century human activities increased again 
on the higher terraces east of Lomm. In the study area there is only little evidence for 
human activities, i.e. 16 pits with large amounts of charcoal indicate iron production 
activities, dating between the 7th and 13th Century. 

During the second half of the Middle Ages, large-scale deforestations resumed in the 
northern part of the study area and meadows, arable fields and heathlands replaced most 
forests. On the fields, rye, buckwheat and broad beans were cultivated. In the Southern 
part some forest patches with oak, hazel and birch remained present with, on the wetter 
soils, meadows and open fern-rich alder carrs. The village of Lomm (situated outside the 
study area) was established in the 13th Century and became an important town in the 
14th Century. 


1.9 Modern Times 

Between the 14th and 18th Century a strong increase in Sediment supply resulted in a 
rapid amplification of the Sedimentation rate. Sedimentation rates reduced after 1880, due 
to the change from crop cultivation to grasslands. After 1900 large scale pine plantations 
were established at the higher terraces. During the 20th Century cultivation of rye and 
buckwheat occurred in the area and heathlands expanded. During the last years of WWII 
trenches were dug for the soldiers parallel to the Maas, when the river formed the front 
line. 
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Introduction 

The aim of this paper is to review studies on past soil erosion in small catchments of 
central Europe and highlight the long-term feedback perspective of such erosion and 
Sedimentation processes with regard to an ecosystem, including socio-economic and hu¬ 
man impact. It is based on an earlier review paper by Dotterweich 1 but includes more 
recent research obtained in the past 4 years. It concentrates on the reconstruction of the 
long-term soil erosion history, including rare extreme events, by analysing erosional sites 
and colluvial deposits on foot slopes, dry valleys, and fans in small 0-order catchments 
pedologically as well as sedimentologically. Alluvial deposits of small tributaries and 
lake Sediments were also incorporated. Extreme events seem to be particularly impor¬ 
tant factors, playing a key role in the evolution of past human-environment Systems. 2 
Such data sets are also essential to calibrate or enhance existing soil erosion models to 
obtain regional soil loss estimates, which are critical in creating more sustainable land 
use Systems in changing climatic conditions, and with progressively mounting pressure 
to intensify land use. 


Agricultural Development and Soil Erosion Processes in Central 
Europe 

The anthropogenic transformation of European landscapes dates back to the Neolithic 
revolution around 7500 years ago. Since then, many phases of agricultural expansion and 
regression have occurred, together with associated land clearances and reforestation. As 
a result, in nearly all areas of Europe, the biodiversity, matter, and energy fluxes have 
been strongly altered by human impact. 3 This long history of anthropogenic activity had 
significant implications on environmental change at different scales, from the regional hy- 
drology 4 and Sediment flux 5 to perhaps global climate patterns. 6 The man-environment 
interaction of the past contains crucial lessons for our understanding of what constitutes 
environmental sustainability. 7 Conventionally, current research epitomises the history 
of anthropogenic activity as being characterised by resource exploitation, with climatic 
conditions influencing the development and functioning of societies. However, this view 
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neglects non-linear change, feedback and regime shifts in human-environment Systems . 8 
Hence, long-term human activities and environmental change should be understood as 
co-evolutionary and adaptive processes . 9 A soil-geomorphological perspective has much 
to add to this dialogue, including an emphasis on multi-scalar viewpoints of human- 
environment interactions on a long-term timescale. With the Clearing of the natural Veg¬ 
etation, the water and matter fluxes changed into anthropogenically driven Systems with 
greatly accelerated processes and higher vulnerability to soil erosion. Repeated or extreme 
events triggered by climate change may have decreased the fertility of the land, partly to 
an extent that it could no longer be cultivated. On a local to regional scale, this may 
occur surprisingly rapidly, especially due to isolated but cataclysmic events. As the Sys¬ 
tem develops, two outcomes are possible: a) driving forces may progress slowly, causing 
gradual and predictable soil degradation, or b) exceptional events may trigger catastrophic 
changes, forcing premature abandonment of agricultural land. Regardless of the rate of 
soil degradation, the System will evolve through a reorganisation phase and ultimately 
reach a new equilibrium, where either naturally or anthropogenically driven processes 
dominate the overall System . 10 


Land Use or Climate? 

In the last few years, the potential of using erosional landforms and soil-sediment struc- 
tures for the reconstruction of past soil erosion and colluviation has been recognised by 
an increasing number of studies worldwide. 11 For central Europe, several comprehensive 
overviews combining studies on hill slope erosion, gully erosion, and floodplain devel¬ 
opment can be found in Lang and Bork, 12 Dotterweich, 13 Dreibrodt, 14 or Notebaert and 
Verstraeten. 15 The observed variability of soil erosion in small catchments reflects, to 
a large extent, the varying intensity of population pressure and agricultural land use in 
Germany (Fig.[l]and Fig.[2j. This is illustrated by the pronounced increase of soil erosion, 
particularly at the onset of and during the Neolithic period (ca. 5500-2200 BC in Southern 
and central Germany) and by the distinctive decrease in soil erosion during the migration 
period (ca. 300-700 AD) and early Middle Ages (ca. 700-1000 AD). 

It seems that centennial-scale climate change affected the observed variability by mod- 
ifying the boundary conditions for erosion. For example, there are few erosion records 
from the early and middle Bronze Age (ca. 2000-1600 BC), a period known to have been a 
prominently dry period in central Europe. The most remarkable phase of human induced 
soil erosion took place in the first half of the 14th Century—at the beginning of the Little 
Ice Age (Fig. [2j. The second well-known intense soil erosion phase developed in the mid- 
18th to early 19th Century—at the end of the Little Ice Age. Historical records document 
extreme precipitation events during these two phases, implying a strong influence of 
climatic extremes on geomorphological processes. 

However, certain phases of the record remain unexplained. As a general finding, the 
majority of the studies on soil erosion in small catchments indicate that Sediment fluxes 
are highly sensitive to changes in local land use, while climate change plays a secondary 
role. 
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Human-Environment Feedback 

In contrast to reconstructions of geomorphic and pedologic history, there are only a few 
studies concerning possible feedbacks from land use. These studies equate societal collapse 
with vulnerability to climate change, agricultural maladaptation or a mixture of both. 
For example, historical studies show that during the first half of the 14th Century, many 
villages in Germany were abandoned as an ultimate consequence of a combination of 
socio-cultural processes, crop failures and soil degradation. 16 Food prices became very ex- 
pensive for several consecutive years in the first half of the 14th Century because of short - 
ages resulting from soil degradation and economic mismanagement. 17 This unfavourable 
socio-economic, nutritional, and health Situation might have prepared the ground for the 
European-wide pandemic, namely the Black Death, between 1347 and 1351 AD. In the 
18th to early 19th centuries, soil erosion and crop failures led to major migration overseas. 
Soil erosion appears to have been one factor in a complex causality spiral leading to socio- 
economic instability and land-use changes. 


Roman Times - Extreme Soil Erosion versus Sustainable Land 
Use? 

Within the Roman Provinces, evidence of low intensities of soil erosion were found at 
Sites 1, 2, 5, and 26, (Fig. |T| and [2j). In contrast, Löhr 18 describes extreme soil erosion as 
an effect of intensive land use during Roman Times (Site E in Fig. [l]). In addition, north 
of the Limes and therefore outside the Roman territory, traces of soil erosion have been 
found on gentle slopes in northern Bavaria (Sites 21 and 25) and in northern Germany 
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Fig. 2 | Dynamics of soil erosion in small catchments in central Europe since the beginning of agriculture, 
based on studies by different authors. Data sorted from east to west. Yellow background bars show different 
cultural epochs. Numbers correlate to study sites given in Fig. 1 (Figure modified and complemented from 
Dotterweich 2008 . 


(Sites 11, 12, and C2). Overall, soil erosion was not so high at these places, but the 
occurrence of single erosion events seems to be the dominant cause. Taking a closer look, 
the linkage between soil erosion and land use intensity during Roman Times presents a 
much more heterogeneous Situation than in latter periods. Often, there is relatively slight 
indication for soil erosion unless the population density was high, and no evidence exists 
to suggest rather dry climatic conditions without extreme rainfall events. For example, 
the accumulation of Sediments on a small floodplain in the eastern Eifel region (Site D 
in Fig. [7} shows a clear correlation with land use during the La Tene period, the Middle 
Ages and Modern Times. Surprisingly, the lowest Sedimentation rates took place during 
a phase of very intensive land use during Roman Times. 19 Similar results have been found 
in a catchment around a Villa Rustica in the Southern Palatinate (Site F in Fig. [Tj ). 20 
Traces of intensive soil erosion were found for the Middle Ages but not with regard to 
Roman Times. By now, it is unclear whether this is a result of different types of land use 
and soil Conservation practices or a consequence of the small data set. Particularly the 
construction of small fields with lynchets or stone banks may have hindered soil erosion. 
There are some small-patched field Systems in the Eifel region which could be ascribed to 
Roman Times, probably legacies of ancient sustainable land use Systems. 
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Southern Netherlands. 

Long-term archaeological data gathering in the Southern Netherlands may deliver an 
interesting scale model that is suitable for the Pleistocene sand areas of the Northwest 
European Plain (Fig. [T}. On a micro scale level it has become clear that Bronze Age and 
Iron Age farmers intensively used the landscape, resulting in relatively dense distribution 
patterns of Settlements all over the sand plateaus. However, this agricultural use of the 
landscape—related to the ‘celtic field’ System—led to a process of soil degeneration during 
which initially brown moder podzols gradually transformed into degenerated humus 
podzols that could no longer be used as farmland. 

According to the model developed by Spek 1 and Roymans/Gerritsen, 2 this process 
of ‘secondary podzolisation’ particularly affected those sections of the landscape that 
were dominated by dry sandy soils with a low loam content (between c. 10 and 20%; 
see Fig.|2|. In the later Iron Age the changing soil conditions resulted in a dramatic shift 
in the habitation pattern that clearly manifests itself in the Roman period (Fig. [ÖJ; on 
the local scale habitation moved from the degenerated soils to nearby zones with better 
soil conditions (higher loam content), which became more densely inhabited now than 
in the Bronze Age/Early Iron Age. The zones where the Roman period Settlements 
concentrated also became the zones where we can find early medieval habitation and 
where in the late medieval period th e plaggen soils started to develop. 

This paper presents several case studies to explain the process of shifting habitation 
patterns and to test the model of soil degradation by a program of grain size analyses 
(GSA) and thermogravimetric (TGA) analysis. With these laboratory analyses we are 
able to compare samples in terms of the division in grain sizes as well as of calcareous 
and organic content to support claims on soil quality. It is our hypothesis that the basic 
‘resetting of the landscape’ in the later Iron Age had a fundamental long-term impact on 
the spatial Organization and use of the landscape up until the later 19th Century. Further- 
more we are testing whether this soil degeneration process is applicable on variable scale 
models, and whether other methodologies and resulting observations may give clues to 
the supposed land movement in the past. 

Our first case study concerns the micro region of Someren (Nr. 2 in Fig. [TJ. Since 
the early 1990s, large scale excavations have been carried out on a sand plateau covered 
with plaggen soils directly east of the modern village of Someren. A total of almost 
40ha of arable land has been excavated. Under the plaggen soils there was a multi-period 
settlement nucleation from the Bronze Age until the High Middle Ages, after which the 
habitation moved to the lower parts of the plateau. 3 Spread over the arable land samples 
were taken from the sand layer directly underneath the plaggen soil for grain size analysis. 
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Fig. 1 | Pleistocene coversand 
landscapes in the Northwest 
European Plain. Legend: (a) 
Flemish sand plateau, (b) 
Meuse-Demer-Scheldt region, 

(c) Meuse-Rhine region, (d) 
Veluws-Utrechts plateau, (e) 

East Netherlands-Westphalian 
sand plateau, (f) Drenthe 
plateau, (g) Lower Saxonian 
sand region, (h) Elbe-Weser 
triangle. Legend for the location 
of the key sites discussed in this 
paper in the Meuse-Demer- 
Scheldt region: 1 Weert- 
Nederweert; 2 Someren; 3 
Lieshout; 4 Veldhoven- 
Zilverackers; 5 Deurne. 
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Fig. 2 | Critical loam-content 
boundaries for the podzolisation 
of dry sandy soils (after Spek 
Fig. 4). 
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In general the analysis showed remarkably high values for loam content (= clay and 
silt fraction), between 35 and 50%, although some variability occurred over the plateau. 
West of Someren sand samples were taken from soils in sub-modern heathland zones at 
locations with evidence only of habitation in the Bronze Age and Early Iran Age. The 
analyses point here to considerably lower loam content with an average value of 13%. 4 
The latter group clearly concerns secondary degraded soils that were not suitable for 
cultivation and habitation after the Early Iron Age. 

In the last decennia large scale excavations have been carried out on diverse locations 
in the micro-region Weert-Nederweert within the zone of late medieval/pre-modern 
arable land (Nr. 1 in Fig.[lJ. 5 The results of these excavations in the micro-region showed 
multi-period Settlement traces starting from the Late Bronze Age/Early Iron Age on- 
wards. In a selection of 21 sites samples have been taken for grain size analysis to obtain 
the loam content, 6 of which the majority of samples showed values of more than 30%, 
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Fig. 3 | Simplified map of a 19th Century landscape in the Southern Netherlands, showing the shift in 
location of archaeological sites from the Early Iron Age (urnfields) to the Roman periods (settlements). 
After Roymans and Gerritsen 2002 Fig. 5. Legend: (a) pre-modern plaggen soil, (b) pre-modern heathland, 
(c) wetland/peat moor, (d) urnfield, (e) native-Roman settlement. 


which corresponds to relatively fertile soils classified as brown podzolic soils (Fig. [2j. 
Locally also sand layers with a lower loam content occur and it has been established that 
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loam-rich soils show traces of the formation of secondary humus podzols in the past, 
most likely due to local fluctuations in the ground water table. 7 

Currently and within the coming years, large scale archaeological research is taking 
place in Veldhoven-Zilverackers over a large area of 400 to 500ha. (Nr. 4 in Fig. |Tj». The 
plan area of Zilverackers offers an excellent chance to explore the transformations, in 
a large area with a great Variation in land use, from the Bronze Age up into the Late 
Medieval period. Underneath the plaggen soil at Zilverackers a landscape is sealed, with 
almost continuous evidence of shifting habitation over the area in the Bronze Age/Iron 
Age. Our preliminary data from 18 samples show that the soil of the sand underneath 
the plaggen soil layer generally has a rieh loam content, which can be divided in two 
regions. Loam content in the northern part varies between 13% and 41% while the 
Southern part shows values between 22 to 49%. The difference in soil quality between 
the northern and the Southern part is confirmed by the TGA analysis showing higher 
organic and calcareous contents in the south compared to the north. 8 To the west side of 
the Zilverackers area a former heath area (Toterfout/Halve Mijl) is located with, according 
to the soil map, loam poor soils showing degenerated humus podzols. Within that area 
mainly Bronze Age and Early Iron Age archaeological evidence is present, including the 
well-known grave mounds of Toterfout/Halve Mijl. In 2012 a small research program, 
incl. GSA and TGA analyses, has started to compare the soil profiles and archaeological 
evidence between the former heath and plaggen soil areas. 

In the micro region Lieshout large-scale excavations have been carried out in a former 
complex of plaggen soils on top of multi-period Settlement traces from the Late Bronze 
Age/Early Iron Age onwards (Nr. 3 in Fig.[lJ. Grain size analysis of the sand layer directly 
underneath the plaggen soil shows remarkably low values of loam content between 3 and 
14% in 19 samples with two samples showing higher values (35 and 41%). 9 Research 
nearby of a pre-modern acre complex with plaggen soils at Deurne shows excavated 
settlement traces from the Bronze Age/Early Iron Age onwards (Nr. 5 in Fig. |T]). Also 
here the loam content over a relatively large area (20ha, 19 samples) appears to be low and 
varies between 7 to 22%. 10 

The focus of this research is thus the fast transformation of the landscape in the 
Middle and Late Iron Age, and its impact on the structure and order of the landscape 
in later periods until modern times. This pre-modern ordering of the sandy landscape 
was characterized by a structural bipartition in, on the one hand, relatively small in- 
habited and cultivated zones, and, on the other hand, large zones of extensively used 
waste lands with degenerated soils. The results of the case studies appear to support the 
Spek 11 and Roymans/Gerritsen 12 model, although both on a supra-regional and local 
level Substrate and soil variability must be taken into account, to explain differences in 
the extent and timing of transformations and settlement mobility. 13 Analysis of coversand 
underneath plaggen soils at Deurne and Laarbeek proves that habitation on relatively 
loam-poor soils was not terminated in all places, but locally was extended into later 
periods. 14 Combining GS and TGA in the relatively large area of Veldhoven-Zilverackers 
shows that within cultivated zones with plaggen soils the quality of the soil is variable, 
possibly due to Substrate differences. 15 Potential causes for the deviation of the Spek 16 


7 

8 

9 

10 
11 
12 

13 

14 

15 

16 


Hiddink 2005 
Kluiving et ai. 
Hiddink 
Hiddink 
Spek 


2005 


2008 


1996 


2011 

36-38; Hiddink and De Boer 


2011 


96. 


Roymans and G erritse n 
Cf. Arnoldussen 
Hiddink 


2005 


Kluiving et ai. 2011 
Spek 


1996 


2009 


2002 

Hiddink and De Boer 


2011 


98. 
























Soil Degradation and Shifting Habitation Patterns in the Sand Landscapes of the Southern Netherlands 51 


and Roymans/Gerritsen 17 model are: a) the impact of fluctuating groundwater levels, b) 
local spatial as well as vertical variations in loam content of sand layers, c) impact of older 
formations with different hydrological properties in the shallow subsurface, depending 
on the grain size and transmissivity of the Sediments. Future research should focus on 
comparing regions with different analytical techniques, taking general soil profile analysis 
into account. Also interesting is systematic sampling and soil investigation in prehistoric 
‘celtic field’ complexes on degenerated soils in submodern heath lands. 


17 Roymans and Gerritsen 
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Human Activity in the Silvretta Massif and 
Climatic Developments throughout the 
Holocene 


Climate change; human impact; Silvretta Massif; human adaption; Alpine Space. 


Introduction 

The Silvretta Massif is a mountain ränge on the Swiss-Austrian border. Apart from a few 
well known Bronze and Iron Age sites 1 in the Lower Engadin valley, the Silvretta has been 
more or less a kind of ‘archaeological terra incognita’, especially in the (high) alpine zones. 
Hence a multidisciplinary study named “Rückwege” was initiated by the Department of 
Prehistory at the University of Zürich (Th. Reitmaier) in 2007. The project’s main goal 
is to explore alpine dairy farming, in particular its beginnings. 2 

Alpine regions like the Silvretta Massif are highly sensitive to climatic variations 
that affect alpine land-use and economy. Therefore at the end of 2010 another research 
program, entitled “CCA—Climatic Change in the Alps: 10,000 years of climatic and 
human impact in the Sivretta Massif between the Paznaun Valley (Austria) and the Lower 
Engadin (Switzerland)”, was initiated. This project, which consists of an archaeological 
(K. Lambers, University of Bamberg) and a palaeoecological part (J.N. Haas, University 
of Innsbruck), is focusing on the reconstruction of the environmental and the Settlement 
history of the Silvretta from the end of the last ice age until the 20th Century, with 
particular regard to human-climate interactions. To understand these processes a well- 
founded, wide data base is indispensable. In 2011 a complementary field survey was 
therefore undertaken between Val Lavinuoz and Val Sinestra in the Swiss part of the 
research area, and Montafon valley and Fimber valley in the Austrian part. We recorded 
around 200 hitherto unknown sites covering the whole Holocene (Fig. m). 

The climatic influence on human activity and its impact on Settlement behaviour 
within the study area shall here be discussed using the examples of the Bronze Age, the 
Roman period and the late Middle Ages or Modern Period. 


Bronze Age 

In the middle of the fifth millennium BC the central alpine region increasingly became 
an area of permanent Settlement. 3 This development, with a short term decline between 
3700 and 3000 BC 4 culminates in the Bronze Age. From around 2200 BC onwards an 
increase in settlement activities within the alpine beit can be noted. 5 This demographic 
development is not restricted to the main alpine valleys, also smaller (side) valleys like 
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Map Legend 

ARCHAEOLOGICAL SITES 

© 

Period 

@ Copper Age/Bronze Age 
4$ Bronze Age 

# Bronze Age/Iron Age 

# Iran Age/Roman Period 

# Roman Period 
■ Veltliner Hüsli 

Palaeoecological site 

A Las Gondas 


Source DHM25 with shaded relief: 

SWISSTOPO Bundesamt für Landestopografie 

Source SRTM90 with shaded relief: 

Jarvis.A., H l. Reuter. A. Nelson, E. Guevara, 

2008, Hole-filled SRTM for the globe Version 4, 
available from the CGIAR-CSI SRTM 90m Database 
(http://srtm.csi.cgiar.org) 


Fig. 1 | Map of the study area with the archaeological and palaeoecological sites. Those sites mentioned in 
the text are highlighted in colour: yellow to red dots = Bronze and Roman Age sites, green square = 
‘Veltliner Hüsli,’ green triangle = ‘Las Gondas’ (Map source: DHM25 with shaded relief: ®SWISSTOPO 
Bundesamt für Landestopografie. Inland waters and administrative boundaries: http://diva-gis.org/gdata - 
April 3rd 2012). 


the Montafon 6 or the lower Engadin valley 7 became more densely colonized. The in- 
creasing settlement in the valleys was accompanied by intensified exploitation of the 
high altitude zones. This phenomenon, starting in the Neolithic, is reflected in a variety 
of pollen diagrams depicting the Situation throughout the Alps 8 and showing a retreat 
of the timberline and a significant increase of pastoral indicators, indicating extended 
summer farming. In the Silvretta region the Situation is comparable. For the Bronze 
Age, based on radiocarbon dating from hearths and locally defined charcoal deposits, 
we were able to detect eight sites in altitudes between 2050 and 2350m asl (Fig. [2 1. Due 
to the lack of economically recoverable raw material in the study area, these sites are 
likely to be related to pastoral or hunter/gatherer activities. If we now compare climatic 
developments during this period to archaeological sites and palaeoecological data, it is 
remarkable that the majority of these Undings can be parallelized with a climatically 
unfavourable phase reported for the Austrian and Swiss Alps between 1800-1300 BC, 9 
which is called “Löbben”, or “Tiefengletscher”and corresponds with the cold phase CE- 
7. 10 In the Silvretta this tendency can be confirmed by a clear accumulation of sites in the 
18th-13th Century cal. BC (2er). 
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a) radiocarbon-dated (2a) 
archaeological sites 

b) tree line Kauner valley 

c) dimatie oscillations 
cold (humid) periods 



yearcal BC/AD 


Fig. 2 | Time-altitude distribution of the radiocarbon dated archaeological sites (state: spring 2012). The 2a 
ränge of the calibrated 14 C ages is given with the median value. b) Tree line in the inner Kauner valley/Tyrol 
based on dendrochronologically dated mega fossils (modified after Nicolussi 2009a Fig. 6). c) Holocene 
climatic oscillations, cold (hu mid) pe riods CE-1 to CE-8, Göschenen II and Little Ice Age modified after 
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Roman Period 

Multi-proxy analyses show that the Iron Age was an era of rather unfavourable climatic 
conditions until the second Century BC. 11 From then onwards until the middle of the 
third Century AD warm and wet summers occurred, also known as the Roman climate 
Optimum. 12 Some researchers proclaim an intensification of mountain pasture for this 
time, which can be seen, inter alia, in pollen diagrams. 13 Even historical records like those 
of the historian and geographer Strabon (64/63 BC-24/25 AD) describe wool and cheese 
trading between alpine societies and the plains and, therefore, high altitude grazing can 
be assumed. 14 But the re is one major issue about this theory: the low number of upland 
archaeological sites in the Alps. 15 This might be just a lack of research but studies in the 
Parc National des Ecrins by Kevin Walsh and Florence Mocci confirm “a reduction in the 
level of activity” in high altitude zones. 16 Until now, only two camp sites underneath rock 
shelters in the Silvretta Massif—in Val Urschai (110 cal. BC-130 cal. AD, 2a) and in Val 
Lavinuoz (50-250 cal. AD, 2cr)—could be dated in this climatically advantageous period 
(Kg# This does not necessarily imply an abandonment of alpine pasture in the high 
altitude zones of the Silvretta, even though the number of known sites from the Roman 
period in the study area is low compared to the Bronze and Iron Ages. Other studies in 
the adjacent Montafon (Austria) and St. Antonien valley (Switzerland) have proven that 
there was human activity linked with pastoralism. 17 Local societies in the Silvretta and in 
the neighbouring valleys in Vorarlberg and Grisons seem to have used the high mountain 
regions, but probably not as intensively as in prehistoric times. 18 These results, combined 
with what we know from the Western Alps, lead to a question that has to be discussed 
further: Why does there seem to be a waning of human activity in these zones despite 
favourable climate conditions compared to preceding periods? One possible explanation 
could rather be the “cultural processes that have influenced people’s decisions to move 
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into and work the alpine zone”, 19 such as “peoples’ attraction to the developing complex 
urban centres” which may have put “a new emphasis on valley-based communication and 
a reduction of activity at higher altitudes”. 20 


Modern Period 

As a last example the results of the studies of a (late) medieval-early modern tollhouse 
and tavern, the so called Veltliner Hüsli, are to be discussed. 21 The ruins of the building, 
now submerged under the waters of a reservoir lake (‘Silvretta-See’), were archaeologically 
examined during two short excavation campaigns in 2010 and 2011 while the lake was 
drained for renovating the dam. The stone building was once located at the entrance of 
the Ochsental along a trans-regional trading route leading from the Paznaun and Monta¬ 
fon valley via the glaciated Vermunt pass (2717m asl) to the Valtellina valley in Italy. 
Historical sources report that the tavern was already a ruin at the end of the 18th Century 
AD. 22 Besides political and historical unrest during the early modern age and the shift of 
trading to different routes, the main reason for the abandonment of the ‘Veltliner Hüsli’ 
was the changing climatic conditions. Historie documents confirm this presumption. 23 
During the Little Ice Age alpine glaciers began to grow. These glacier advances involved 
enlarging crevasses. Hence travelling this track became more and more unsafe and the 
‘Veltliner Hüsli’ lost its importance. 


Discussion and Outlook 

One of the main issues regarding a parallelization of climatic and archaeological data is the 
inaccuracy of dating. 24 When we are talking about climatic impact on human activity and 
cultural development another important factor is the scale being used. 25 These two factors 
have to be taken into account, especially for prehistoric times. For example, during the 
Bronze Age or the Roman period, seen from a larger perspective, climate does not have 
such a big influence on society and Settlement dynamics. On the other hand, climate 
change can have massive singulär effects, as we found out for the ‘Veltliner Hüsli.’ This 
means that climate and culture must not be correlated linearly. 26 
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A fundamental question in Near Eastern Archaeology is why agriculture in Egypt was 
introduced four millennia later than in the adjacent Eastern Mediterranean and Southwest 
Asia. 1 Phillipps et al. 2 suggest that adoption of Near Eastern animal and plant domesti¬ 
cates by Neolithic societies in Egypt around 7000 cal. BP occurred during a period with 
increased winter rainfall, comparable to Southwest Asia. Environmental change after 6000 
cal. BP meant however, that the growing of wheat and barley was no longer sustainable 
in Egypt and required significant shifts in agricultural strategy before they were viable 
long term. 3 The main aim of this geoarchaeological research is to test the environmental 
explanation for the apparent lag in the entry of agriculture into Egypt. 

The Fayum Basin, northern Egypt (Fig. [l]), has long been recognised as representing 
the earliest example of agriculture in Egypt, as domesticated Emmer wheat and barley 
were discovered in hearths at two Neolithic occupation mounds and in nearby grain stor- 
age pits. 4 Prehistoric people in the Fayum Depression occupied palaeo-shores of a series 
of large freshwater lakes that were controlled by the variable inflow of Nile water since 
the early Holocene. 5 Palaeo-lake water levels fluctuated in response to changes in Nile 
flood heights, the result of the highly seasonal Blue Nile flow from monsoonal rainfall in 
the volcanic uplands of Ethiopia, and White Nile flow from rainfall in the lake plateau of 
Uganda. 6 Archaeological evidence for past human occupation in the Fayum Depression 
is concentrated in distinct topographic bands across the northern palaeo-shores of the 
modern, brackish terminal Lake Qarun, the shrunken remnant of the larger palaeo-lakes 
(Hg# Rises and falls of palaeo-lake levels in different periods through the Holocene 
have been established through association of lacustrine deposits with distributed cultural 
material since the early 20th Century. 7 

Hiatus in human occupation of the depression is explained by sudden declines in 
palaeo-lake levels, controlled by position of the Inter-Tropical Convergence Zone (ITCZ) 
and Sub-Saharan climatic changes. 8 Palaeo-climatic reconstructions however, indicate a 
brief period of sustained mid-Holocene winter rains in Northeast Africa from the eastern 
Mediterranean, 9 which correlate with the relative short period of intense Neolithic habi- 
tation in the Fayum Basin between 7000-6000 cal. BP. 10 The adoption of domesticates 
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Fig. 1 [ Study area in the Fayum Basin, northern Egypt (NASA World Wind 1.4). 


by Neolithic occupants of the depression can be viewed as one of a ränge of unique low- 
level food producing societies that developed around the Mediterranean mid-Holocene, 
in which domestic species added to, rather than replaced, existing subsistence strategies 
dependent on wild food resources. 11 A reliance on winter rains for cereal cultivation 
may explain the efflorescence of Neolithic occupation in the depression, as well as its 
subsequent rapid decline, as the winter rain beit shifted back to the north and climatic 
changes led to the Start of the present-day hyper-arid state of the Sahara. 12 In addition, 
new data on the micro-dynamics of the Fayum palaeo-lake level fluctuations during the 
Early Holocene 13 suggest that a greater detail of higher temporal resolutions in lake level 
reconstructions is required for correlations between lake level history and periods of 
human occupation. 

The greater part of the archaeological record in the Fayum Depression however, is 
uncovered, aggregated on today’s eroded desert surfaces, and this hampers conventional 
geoarchaeological research. Deflation processes active along today’s hyper-arid north¬ 
ern palaeo-shores of Lake Qarun have exposed a Neolithic archaeological record at the 
present-day surface, comprised of extensive deposits of stone artefacts, bones, and pottery. 
The archaeological deposits are associated with heat-retainer hearths at the present-day 
surface, visible as concentrations of burnt stones that often protect charcoal, and two 
stratified Neolithic occupation mounds, known in the literature as Kom W and Kom K. 14 
Although archaeological artefacts at the present-day surface are commonly difficult to 
relate to their Stratigraphie context, 15 they provide fundamental data on past geomorphic 
changes and human land use if analysed with attention to history of deposition of the 
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Sediments on which they currently rest. 16 Systematic comparisons between the depo- 
sitional history of Sediments at Earth’s surface and areal presence of surface archaeol- 
ogy enables understanding of (palaeo-)processes of erosion and deposition that lead to 
the formation of the surface artefact record, and of the significance of the quantity of 
artefacts visible. 17 Holdaway 18 made use of the extensive surface archaeological record 
in the arid interior of Australia to interpret rapid climatic changes and human response 
during Late Holocene, by means of correlating optically stimulated luminescence (OSL) 
and radiocarbon age estimates with high-resolution palaeo-environmental records from 
outside the region. The use of archaeological records at the present-day surface can be 
further enhanced by combining them with elemental techniques from the Earth Sciences 
used to study the local sedimentary record. 

In order to understand the relation between past environmental shifts and initial use 
of domesticates in Egypt, the following research questions are addressed: 

1. What were the rates and spatial variability of dominant geomorphic processes in 
the Fayum Basin that were critical to Neolithic occupation? 

2. How do sedimentary facies at the present day surface in the Fayum Depression 
correlate with exposure, preservation, visibility, and content of archaeological evidence 
for Neolithic occupation at the present-day surface? 

3. How do Stratigraphie sequences with archaeological evidence for Neolithic oc¬ 
cupation in the Fayum Basin correlate with local geomorphology and palaeo-lake level 
reconstructions? 

To answer the research questions we use a multi-proxy approach of basic techniques 
from the Earth Sciences, with incorporation of published Late Quaternary regional and 
global climate proxies and information on the Holocene flow regime of the River Nile. 
Lithological field investigations and systematic Sediment sampling across the hyper-arid 
northern palaeo-shores of Lake Qarun (Fig. [TJ provide a high-resolution geomorphic 
framework for the study of the Neolithic archaeological record in the Fayum Basin. To al- 
low for systematic comparisons between surface Sediments and surface archaeology across 
the study area, investigations of lagged or winnowed geomorphology are performed at 
areas containing surface archaeological evidence for Neolithic occupation, as well as at 
barren surfaces. Outcrop investigations and selective hand-drilling (Dutch and Riverside 
Augers, 07cm) at the Neolithic occupation mounds Kom W and Kom K, as well as at 
lower surrounding geomorphic surfaces provide data on the relationship between local 
geomorphology, palaeo-lake level fluctuations and Neolithic occupation. 

Analytical studies, focused on grain size, are performed at the Sediment Analysis 
Laboratory of the Faculty of Earth and Life Sciences at the VU University Amsterdam. 
Because grain size is the most fundamental property of Sediment particles, affecting their 
entrainment, transport and deposition, 19 grain size distributions (GSDs) from sampled 
deposits of geomorphic units are measured by Laser Particle Sizer (Helos KR Sympatec/ 
Windox 5.6). Observed frequencies are decomposed through a numerical-statistical inver- 
sion, 20 in order to obtain environmental diagnostic features from the observed Sediment 
populations. 21 End-member modelling coupled with weight-percentages of organic mat¬ 
ter and CaC0 3 (TGA-701 Leco Corporation Germany) provide new data on geomorphic 
processes and source areas responsible for spatial-temporal variability of litho-types in the 
Fayum Basin, controlled by palaeo-lake levels and (regional) climatic changes. 
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Chronology of the geomorphic reconstructions is provided by AMS Radiocarbon 
determinations on organic material preserved in natural and cultural deposits, comple- 
mented by optically stimulated luminescence (OSL) age determinations on Sediment at 
key areas. To allow for systematic comparisons between geomorphology and archae- 
ology, both datasets are integrated in a GIS-environment (ArcGIS 10). Our systematic 
multi-scalar approach leads to a new method to study geomorphic contexts of archaeo- 
logical records in the Eastern Sahara that can be applied elsewhere. The results fill a major 
gap in archaeological knowledge, as “the Southern margin of the Mediterranean Basin 
along Coastal North Africa is essentially terra incognita for understanding the course of 
Neolithic emergence.” 22 
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Staying Home or Staying with your Cattle? 
Different Reactions to Environmental Changes 
in the Late Bronze Age of the Lower Don Area 
(Southern Russia) 


Steppe; Southern Russia; Bronze Age; cultural landscape; economy; environmental 
changes; nomadism. 


The many surveys and excavations on both Settlements and burial grounds, performed— 
especially since the 1950s—by our Russian colleagues in the steppe area to the northeast 
of the Sea of Azov (Rostov province [oblast’], Southern Russia), provide us with a wealth 
of information on the cultural landscape, Settlement patterns, economy and the develop- 
ments therein through time. This high density, especially of Settlement data, is rare in the 
steppe Zone, where archaeology in many regions is still mainly focused on burial mounds. 
Therefore, the Rostov area is a good starting point to try to understand the developments 
around the transition from the Bronze to the Iron Age, leading to the development of 
the Scythian or early nomadic culture. Both last terms, not being neutral labels, have 
their minuses. Terming any archaeological culture in this way directly connects material 
culture to either a specific ethnicity (Scythians) we only know from Greek descriptions, 
or to a special way of living (nomadism). Both should first have to be identified archaeo- 
logically. Our presentation will try to explore the way-of-life of different groups of people 
inhabiting the steppe around the Don Delta and the northeastern Sea of Azov. We will 
mainly focus on the food economy and questions regarding sedentism versus nomadism, 
and our temporal focus will be on the developments during the Late (ca. 2200-1400 
cal BC) and Final Bronze Age (ca. 1400-800 cal BC). The used chronology is based on 
ca. 40 14 C-datings, performed on contexts dating from the Middle to Final Bronze Age, 
undertaken within a Ph.D. research project by the first author, financed by the Excellence 
Cluster Topoi. 

The starting point of our presentation is the Middle Bronze Age Catacomb-grave 
culture (ca. 3000-2200/2100 cal BC). Settlements from this period are extremely rare in 
the Rostov area, amounting to about five for the entire Rostov province and only two 
in our more restricted research area within the northeastern Azov steppe. Therefore, 
information on the economy is rather limited. However, when considering the entire 
steppe area to the north of the Black Sea, we can see a clear dominance of cattle in all 
bone assemblages, 1 whereas evidence for the use of domesticated crops is negligible to 
non-existent (at least east of the Dnepr). In sharp contrast to the data on the Settlements, 
burials of the Catacomb-grave culture are well represented within the research area. They 
amount to about 30-40% of the thousands of excavated burials from Bronze Age mounds 
in the region. Looking at the distribution of Catacomb-grave burials within the research 
area, clear regional differences can be discerned. On the relatively ‘wet’ terraces and 
plateaus surrounding the Don Delta, the coast and the major rivers, Catacomb-grave 
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burials mostly make up the majority of known burials (around the Don Delta 40-55% 
of all known kurgan burials). However in the ‘dry’ areas around the small steppe river 
valleys, they form only a minority of the known burials (ca. 25% for the medium-sized 
river valleys, and a maximum of 10% in the smaller river valleys of the dry steppe). The 
discrepancy between the small amount of known settlement sites and the large amount of 
known burials probably is due to the low archaeological visibility of Middle Bronze Age 
settlement sites in the steppe area. They mainly consist of artifact scatters, with small dug- 
out features like pits or houses, and therefore are normally only found during excavation 
of settlement sites dating to other periods (the image for the forest-steppe region seems to 
be very different). 

The transitional phase to the Late Bronze Age (the Babino or Mnogovalikovaya cul- 
ture, dating ca. 2200-1900 cal BC) sees a rise in the number of known settlements, reach- 
ing its peak during the Late Bronze Age Srubnaya (or pit-grave) culture (ca. 1900-1400 
cal BC). From this period, hundreds of settlement sites are known throughout the steppe 
zone of the Rostov province. Although the number of settlement sites vastly outnum- 
bers the known settlements from earlier parts of the Bronze Age, the number of graves 
roughly equals the number from the Catacomb-grave culture. However, when looking at 
the distribution of graves throughout the research area, we see major differences between 
the different landscape zones. Whereas in the ‘wet’ areas, the graves from the Early and 
Middle Bronze Age outnumber those of the Late Bronze Age, which account for about 
20-30% of the known Kurgan graves in the Don Delta region, in the dry steppe areas, Late 
Bronze Age graves form the vast majority of burials, accounting for 60-70% of known 
Kurgan graves, with Early and Middle Bronze Age together rarely accounting for more 
than 10-15% of known graves. This points to a regulär colonization of the dry steppe 
lands during the Late Bronze Age, going hand in hand with a new and highly visible 
settlement record. Within a few centuries, even the smallest and driest river valleys of the 
steppe were densely settled. At the same time, it seems we can dehne central settlements 
that—in contrast to the many hamlets consisting of loose groupings of about 1-5 house 
plans—contain dozens of houses, often built in several layers on top of each other, and 
showing traces of metallurgy being performed at the site. 

Although relatively few bone assemblages are known from the Early and Middle 
Bronze Age in the region, the economy doesn’t seem to change during the transition to 
the Late Bronze Age. Cattle was the major food source during the Bronze Age, augmented 
with sheep/goat and horse, pig playing no role of importance in the steppe area (as 
opposed to the forest-steppe Zone). Domestic crops, hunting and, quite surprisingly in 
the Don Delta region, hshing played no role in the subsistence economy of the region. 2 
Interestingly, both the bone assemblages and the ceramics point to a rather stable, possi- 
bly year-round use of these settlement sites. In the bone assemblages of both the Coastal 
site of Levinsadovka, excavated by the German Archaeological Insitute (DAI) together 
with the Don Archaeological Society (DAO), and of the dry steppe site of Khavaly, where 
we had the opportunity to participate in an excavation by the DAO under direction of 
P.A. Larenok, all age categories of young animals are represented, indicating year-round 
occupation. The ceramics of 15 sites from different parts of the research region were 
studied, paying special attention to the mineral temper used during the production of 
the ceramics. Interestingly, the types of minerals and their coarseness change with the 
geological subsoil. Even when the sites are situated at 5km from each other on both sides 
of a geological border, their ceramics show a completely different temper, which can be 
used as an argument against large-scale nomadism. This would point to an extremely 
dense exploitation of the steppe, which was mainly used as pastureland for cattle. As 


2 Cf. Antipina and Morales|2005; Lebedeva 2005 






Staying Home or Staying with your Cattle? 


73 


the economy shows no major changes, the colonization of the dry steppe area might 
be connected to an improvement of the quality of steppe grasslands around 1900-1500 
cal BC, for which there are arguments in the palynological record and paleosoils. 3 Both 
palynological records and charcoal from the sites indicate the existence of woodlands 
on wet locations as river valleys. Although this colonization seems to be triggered by 
environmental changes, it goes hand in hand with a ränge of cultural changes, e.g. in 
house building traditions and Settlement lay-out. 

Around 1400 BC, this Settlement System breaks down. As opposed to the low num- 
ber of known settlements from the Middle Bronze Age, the low number of Settlements 
known from the Final Bronze Age cannot be explained as the result of a problem in 
the detection of these Settlement sites. Similar to the Late Bronze Age settlements, the 
Final Bronze Age settlements consist of dugout houses, with stone wall foundations, 
large amounts of found material, etc., making them easy to be detected archaeologically. 
Also, in contrast to the Middle Bronze Age, the number of graves known from the Final 
Bronze Age declines as drastically as the number of settlements known. Settlements seem 
to retract to the wettest area within the research region: the Don Delta and its immediate 
surroundings, where the Kobyakovo culture is formed (1400/1300-1000 cal BC). This 
culture not only shows major transformations in ceramic style and burial traditions, but 
its bearers also incorporated many new food sources into their menu: especially large 
numbers of fish, but also grains (Panicum miliaceum were identified in our excavation 
at the Kobyakovo-culture Settlement of Safyanovo) and maybe, most intriguingly, large 
numbers of dog bones. Also pig and sheep/goat appear in much higher proportions in the 
bone assemblages than before. In the steppe, Settlement traces and burials became rare, 
but the inhabitants seemed to stick to the previous domination of cattle in the subsistence 
economy. To provide enough food for their cattle, however, they seem to have started a 
more mobile life-style. It seems that these two very different societies are the result of 
different answers to the questions they had to answer as the Vegetation of the steppe 
became poorer: do we stick to our homes and, therefore, shall we change our economic 
base, or do we stick to our cattle-based economy, even if this means following the cattle 
on their quest for food and therefore becoming nomadic? 

These two Strands of trying to deal with a changing environment might have been 
triggered by climatic developments that caused a deterioration of the quality of the steppe 
Vegetation. Paleosoil studies point to a continuing cooling of the steppe, which some- 
where around the transition from the Bronze to the Iron Age is joined by an increasing 
aridity in the Don River basin. 4 Interestingly, in the northern part of the research region 
at the settlement of Yagodinka, large oaks and pine trees were still available for house con- 
struction at the beginning of the Final Bronze Age, indicating that the northern steppe 
zone wasn’t that arid yet. We had expected that the intensive use of the steppe during 
the Late Bronze Age might also have caused an overexploitation, leading to changes in 
the Vegetation cover, the erosion of the fertile chernozem soils and with that a decrease 
of the quality of the steppe pastureland. However, the first drillings within the research 
area did not show any colluvium dating from the Late or Final Bronze Age, not even near 
settlement sites. Finally, the two new types of societies that developed during the Final 
Bronze Age: sedentary groups near the Don Delta and the coast, living from a broad 
spectrum of food resources, opposed to more mobile groups in the steppe, living mainly 
from cattle breeding, seem to dominate the region from this period onwards. During 
the so-called Scythian Iron Age with its associations of nomadism, horsemanship and 
gold, the Lower Don Valley is generally regarded as a border zone between the nomadic 
Scythians and Sauromatians and the more sedentary Meotians. The settlements of the 
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sedentary populations mainly dating to the 5th-3rd centuries BC (of which a Settlement 
was excavated by the DAI and the DAO at Novo-Zolotovka) and the lst-3rd centuries 
AD, show bone assemblages containing large numbers of fish, sheep/goat outnumbering 
cattle etc. The Settlements in the dry steppe are more problematic. Not much more is 
known than the burial grounds. Even in the 13th-14th centuries, the economy of the 
city of Azov fits in the tradition of the Kobyakovo-settlements, whereas written sources 
teil us about the cattle- and horse-based economy of the nomads whose graves are well 
known archaeologically. Only the rieh and wet pastures of the Don Delta were able to 
maintain a relatively settled cattle-based economy, as indicated by the cattle-dominated 
bone assemblages from the Iron Age Settlement of Elizavetovka. In conclusion, it is 
the Final Bronze Age during which period two different forms of societies appeared 
in the northeastern Azov sea region as a reaction to environmental changes that seem 
to have been caused by climate changes, but might have been accelerated by human 
overexploitation of the steppe. It laid the basis for an interaction between settled and 
nomadic societies, soon to be joined by Mediterranean population groups (in this case 
Greek settlers, reaching the region in the late 7th Century BC). It is this confrontation 
between three different population groups that dominated the history of the region from 
then onwards, until its incorporation in the Russian empire around 1700 AD. 

We would like to thank M. Hochmuth and N. Benecke (both DAI) for the analyses of 
the bone assemblages, K.-U. Heußner (DAI) for the analysis of the charcoal and R. Neef 
(DAI) for the paleobotanical analysis. 



Staying Home or Staying with your Cattle? 


75 


Bibliography 

Antipina 1997 

E. E. Antipina. “Metody rekonstrukcij osobennostej skotovodstya na juge vostocnoj 
Evropy v epochu bronzy”. Rossijskaja archeologija 3 (1997), 20-32. 

Antipina and Morales 2005 

E. E. Antipina and A. Morales. “‘Kovboi’ vostocnoevropejskoj stepi v pozdnem bron- 
zovom veke”. Opus 4 (2005), 29-49. 

Gerasimenko 1997 

N.P. Gerasimenko. “Prirodnaja sreda obitanija celoveka na jugo-vostoke Ukrainy v 
pozdnelednikov 'e i golocene (po materialam paleogeograficeskogo izucenija arche- 
ologiceskich pamjatnikov)”. Archeologiceskij al 'manach 6 (1997), 3-64. 

Lebedeva 2005 

E. Lebedeva. “Archeobotanika i izucenie zemledelija epochi bronzy v vostocnoj Ev- 
rope”. Opus 4 (2005), 50-68. 

Medvedev 1999 

A.P. Medvedev. Rannij zeleznyj vek lesostepnogo Podon 'ja: archeologija i etnokul 'tur- 
naja istorija I tysjaceletija do n.e. Moskva: Nauka, 1999. 


Leon van Hoof (corresponding author), Exc. Cluster TOPOI, Hittorfstraße 18, 14195 
Berlin, Germany, leonvanhoof@yahoo.com 


Ortwin Daily, Deutsches Archäologisches Institut, Podbielskiallee 69-71, 14195 Berlin, 
Germany 


Marlen Schlöffel, Freie Universität Berlin, Institute of Geographical Sciences, Malteser¬ 
straße 74-100, 12249 Berlin, Germany 



Journal for Ancient Studies 



Special Volume 3 (2012), pp. 77-83 


Alexander V. Borisov - Dmitrij S. Korobov 

Prehistoric and Early Historie Agricultural 
Landscapes in the Kislovodsk Basin (Northern 
Caucasus, Russia). 


in Wiebke Bebermeier - Robert Hebenstreit - Elke Kaiser - Jan Krause (eds.), Landscape 
Archaeology. Proceedings of the International Conference Held in Berlin, 6th - 8th June 2012 


Edited by Gerd Graßhoff and Michael Meyer, 
Excellence Cluster Topoi, Berlin 

eTopoi ISSN 2192-2608 
http://journal.topoi.org 


Except where otherwise noted, 
content is licensed under a Creative Commons 
Attribution 3.0 License: 
http://creativecommons.Org/licenses/by/3.0 




Alexander V. Borisov - Dmitrij S. Korobov 

Prehistoric and Early Historie Agricultural 
Landscapes in the Kislovodsk Basin (Northern 
Caucasus, Russia). 


Agricultural landscapes; Northern Caucasus; Late Bronze Age; Early Middle Age. 


In the context of searching for agricultural landscapes which have escaped more recent 
anthropogenic disturbance, the antiquities of the Kislovodsk basin have especial impor- 
tance. Preliminary analysis of the archaeological antiquities of the Kislovodsk basin, from 
the Aeneolithic to modern times, has revealed several periods of very high population 
density and several so far inexplicable periods of very low population figures, of which 
the most recent falls in the 14th-18th cents. AD when the area was practically depopu- 
lated, until 1803 when the fortress of Kislovodsk was founded. 1 The above circumstance 
was especially important for the preservation of archaeological monuments, which have 
survived in very good condition due to the absence of anthropogenic impact. 

The closed geography of the Kislovodsk basin, and the fact that it is relatively well- 
studied, allowed the creation, for the first time in this country, of an archaeological GIS 
for the microregion, which currently includes data on over 900 archaeological sites, from 
the Aeneolithic to modern times. At present the Kislovodsk basin is rightfully considered 
to be the best-studied microregion in the North Caucasus from the point of view of 
archaeology. 2 

Traces of terrace agriculture in the Kislovodsk basin are numerous, and have for 
decades attracted the attention of scientists. Investigations at agricultural terraces in the 
Kislovodsk basin have been conducted since the mid-1990s and up to the present day, 3 and 
include aerial photography and GIS modeling. 4 The above works gave rise to two main 
viewpoints concerning the time when terrace agriculture could have first appeared in the 
Kislovodsk basin. Some authors date its origins to the Early Bronze Age on the basis of 
radiocarbon analysis of buried soils, 5 whereas others date the emergence and functioning 
of the terraces to the early Middle Ages, also on the basis of radiocarbon analysis of the 
soils 6 or the spatial association of the terraces with fortifications which date to the time 
in question. 7 

It should be noted that the above hypotheses on the time of emergence and existence 
of terrace agricultural plots in the microregion have their vulnerable points. On the 
one hand, they are based on field and desk observations which reveal that some of the 
terrace plots are associated with monuments from a certain period, and on the other 
hand on radiocarbon dating of buried soils. Hence the authors decided to conduct a new 
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Fig. 1 | Results of archaeological soil studies in the Kislovodsk basin in 2005-2011. 


interdisciplinary study of terrace agriculture in the Kislovodsk basin, using GIS methods 
and archaeological soil studies in order to identify the age of the phenomenon and the 
extent of its influence on the ecology and landscapes in the region. 

In 2005-2011 we conducted large scale investigations at terraces and other traces of 
ancient agriculture in the valleys of all the main rivers in the basin (Fig. [lj. The investiga¬ 
tions included mapping the visible contours of the terraces and the boundary walls using 
GPS and instrumental topographic mapping of the present-day surface. We did 161 soil 
sections and 39 probes in different landscapes and different types of agricultural plots. 
Much attention was given to the archaeological material from the sections, especially to 
the pottery which comprises over 3000 fragments. 

The investigations allowed the identification of three main types of agrarian land plots 
which functioned in the Kislovodsk basin in different periods (Fig. 2a-2cl: 

1) single, double or triple large terraces with high banks, on steep slopes; 

2) cascades of long low-rise terraces on smoother slopes; 

3) sloping promontories with rectangular plots and boundary walls. 


The main issue in studies of ancient agriculture is to identify the time of emergence and 
existence of different land plots. One of the ways to do that is through analyzing the 
spatial association of the agricultural plots with the various Settlement sites, for which 
GIS methods can be used. We have conducted GIS mapping of the types of land plots 
described above, using aerial photography. We have analyzed about 500 aerial photos 
from 1970-1975, and also CORONA space images (September 20, 1971, mission 1115) 
which have the space resolution of around l-2m. 

The maps show quite clearly that terraces of the two types are encountered in differ¬ 
ent areas (Fig. [l]). Terraces of the first type cover about 129km 2 and are distributed more 
or less evenly throughout the eastern part of the basin, whereas terraces of the second 
type are located mostly in its Western part and occupy about 49km 2 . 

However, there is a third type of agricultural plot that we discovered in the Kislovodsk 
basin: rectangular fields with boundary walls. Barely visible on aerial photos, they can 
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Fig. 2 | Main types of agrarian land plots in the Kislovodsk basin: (a) terraces of the first type; (b) 
of the second type;[(c)]rectangular plots with boundary walls. 


terraces 


only be discovered on-site when the light is favorable. At present we have discovered 
three plots with traces of such land division, and yet another is visible on aerial photos. 
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After juxtaposing the terraced areas within the basin and the location of the 13 hith- 
erto discovered Maikop culture Settlements, we cannot agree with the high estimates for 
the Early Bronze Age farmer population figures, nor with the assumption that almost 
all the terraces are associated with settlements which date to the 4th-2nd millennia BC. 8 
Comparison of the areas where terraces of the first type are encountered with settlement 
sites of the Koban culture appears to be much more substantiated. The zones where the 
types of terraces are encountered are clearly correlated also with early medieval Alanic 
fortifications, so it is possible to speak of a link between them. Hence in order to identify 
the origin of agricultural plots we need data from pedological and archaeological studies. 

In 2005-2011 we did 190 full-profile sections and probes, of which 47 sections and 
33 probes were on terraces of the first type. Practically all the sections revealed a large 
amount of pottery fragments in the buried soil and in the humified diluvium, which 
allows dating the time of emergence and existence of the agricultural plots (on pottery 
fragments in fertilizer see e.g.: Wilkinson 9 ). Of the over 3100 pottery fragments that were 
found in the sections, over 65% belong to Koban culture. Early medieval wäre comprises 
28% of the finds, whereas about 6% of the shards are unidentifiable. We should note 
that Koban pottery dominates in sections from several landscapes: on the type 1 terraces 
themselves, below the terraces on sloping promontories, and above the terraces at the top 
of the watershed hills. 

On the basis of pedological and archaeological investigations we can state that the 
Koban culture population of the Kislovodsk basin had a highly-developed agriculture 
and, apparently, an agricultural economy. The agricultural activities of the Koban culture 
population were taking place at the peak of paleoenvironmental changes, and brought 
about catastrophic consequences, as a result of which the territory feil into disuse for 
about five hundred years. 10 

We have also identified that in the Ist millennium AD the Alanic population used 
two types of agricultural plot. The first type was worked with ploughs or some heavy 
mouldboard tools pulled by several pairs of oxen. This technique of land use created long 
narrow terraces on slopes, which in our classification are the second type of agricultural 
plot in the Kislovodsk basin. The terraces have analogies in European literature where 
they are called Strip lynchets. 11 We assume that the Alans may have used this form of 
agricultural plot during the first half of the Ist millennium AD when they were moving 
into the Kislovodsk basin, where such terraces are located mainly in the lower reaches of 
the river Eshkakon where it flows into the Podkumok. However, most of the agricultural 
plots in question are within 5km of Rim-Gora, a major settlement from the 10th-12th 
cents. AD, hence we cannot exclude that it was inhabitants from this settlement who 
practiced the style of tillage described above. 

The second type of plot is small rectangular or square areas enclosed with low stone 
walls. Such fields could have appeared after cross-plowing with an ard pulled by two oxen. 
The plots with stone boundaries are evidently related to the fortified settlements which 
date to the 5th-8th cents. BC. That is the period to which we should provisionally date 
the plots of this type, which have numerous analogies among the so-called Celtic fields. 12 
Instead of indicating a regression, the more primitive tillage tools and simpler tillage 
techniques that appeared in the middle of the Ist millennium AD appear to reflect the 
specific traits of Alanic settlement in a new landscape. 
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The new types of agricultural plots in the environs of Kislovodsk have direct analogies 
in Europe, and this is the first such case in studies of medieval agriculture in this country. 
The new data on North Caucasian agriculture in the Ist millennium BC—Ist millennium 
AD shows that the chances of discovering traces of similar or other types of agricultural 
activity are higher than scholars previously estimated them to be. 
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It has been recently proposed that the origins of agriculture in China might have under- 
gone an equally prolonged process as that observed in the Near East and other parts of 
the world. 1 The Pre-Yangshao period 2 (8000-7000 BP) is considered as typical Neolithic 
in north China, and it is a critical time in our understanding of such a process. Plant 
cultivation and animal husbandry had started, 3 but a great diversity of economic subsis- 
tences and cultures was maintained. This intrinsic ecological and agricultural diversity 
was quickly lost in the succeeding Yangshao period when both cultural and economic 
activities witnessed homogeneity at a huge scale. 

The geographical locations, archaeobotanical discoveries and chronologies of five Pre- 
Yangshao cultures in north China are presented in Table[l] Of particular interest is that 
most of these cultures are located in transitional landscapes, either from the mountainous 
area to central plain or from the loess area to central plain. In addition, there seems 
to be a close relationship of annual precipitation and crop species that may have been 
intensively gathered or cultivated. The precipitation pattern of vast areas of north China 
has been largely shaped by the moving routes of monsoons. 4 The Southern Chinese 
Loess Plateau, the Southern North China Plain and the Lower Yellow where three Pre- 
Yangshao cultures (Laoguantai, Peiligang and Houli) are located, respectively, are situated 
around the boundary that divides areas that have annual precipitation of more or less 
than 800mm. 5 Assemblages containing millets are only discovered to the far north of this 
boundary, whereas those containing rice remains are found to the south of the boundary. 
Those comprised of both millet and rice are located roughly around the boundary. How 
did the Pre-Yangshao people practice their economic subsistences? How did they manage 
such diversified landscapes? Were the crops domesticated in one place and then intro- 
duced to other places? If so, how did the introduced crops adapt to local environments? 
Archaeobotany has provided valuable Information for this series of questions. Lor in- 
stance, the archaeobotanical data at Xinglongwa is characterised by the low percentage of 
millet grains and their ambiguous morphological features. Zhao 6 suggests that they were 
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Cultures 

Geographical locations 

Archaeobotanical 

discoveries 

References 

Xinglongwa 

Eastern Inner Mongolia 
and West Liao River; 
intermediate Zone 
between the loess beit 
and the Central Plain 

Panicum millet; Fox- 
tail millet; many 
grassy seeds 

Zhao 2006 Zhao 
2011 S295-S306 

Cishan 

The Ming River; transi¬ 
tional area between the 
East Taihang Mountains 
and the Central North 
China Plain 

Panicum millet; Fox- 
tail millet; walnut; 
hazel; Coryliu 
leterapluylea 

Sun, Liu, and Cheng 
1981 Lu et al. j2009l 
7367-7372 

Peiligang 

Central North China 
Plain and the interme¬ 
diate areas between the 
Yellow and Yangtze 
River 

Panicum millet; Fox- 
tail millet; rice; 
water chestnut; 
soybean; lotus; etc. 

Liu et al. 2010 , 816- 
833; Zhao and Zhang 
2009 

Laoguantai 

Guanzhong Basin; areas 
between mountains and 
Southern Chinese Loess 
Plateau 

Panicum millet 

Archaeology and 
Gansu 2006 

Houli 

Lower Yellow River 

Panicum millet; Fox- 
tail millet; rice; 
many other grassy 
seeds. 

Crawford 2011 ;Jin 
2011 


Tab. 1 | Geographical locations and archaeobotanical discoveries of the five Pre-Yangshao cultures in 
North China. 


probably just starting to be cultivated, and the transitional environment between the 
loess area and the central plain is one of the key places for the origin of millet farming. 
Similarly, Jin 7 examines the archaeobotanical assemblage at Xihe and proposes an initial 
stage of rice farming here. But the low equability of carbonised rice remains and the low 
percentage of mature rice should be factored in. Lu et al. 8 also offer new chronological 
evidence for the long-standing speculation that Cishan is one of the earliest places where 
millet was domesticated, although these new data have recently been questioned due to 
the controversial sampling strategy. 9 Geoarchaeology, a core methodology which inte- 
grates environmental studies with archaeology, should be applied to augment these new 
archaeobotanical discoveries. As many successful examples carried out in other parts of 
the world have proved, geoarchaeology is an essential means to investigate the interaction 
of people and landscape and how such interaction eventually leads to the domestication 
of crops and the establishment of agricultural society. 

The two studied sites, Guobei and Yuezhuang, are located in transitional environ- 
ments, the Southern Chinese Loess Plateau and the Yellow River, respectively. At Guobei, 
complete sequences from the terminal Pleistocene to Holocene are well preserved, from 
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Fig. 1 | Profile 6 of the Guobei site in the Southern Chinese Loess Plateau. Red rectangles are sampling 
locations for micromorphology; black rounded spots are sampling locations for OSL dating; bulk samples 
for geophysical analyses were collected from 30cm below surface downwards. Profiles 5 and 7 both have a 
similar stratigraphy to Profile 6. The same sampling methods were applied to the examination of the two 
profiles (Profile 1 and 3) at Yuezhuang in the Lower Yellow River. 


which typical Laoguantai pottery is found from the early-Holocene level. At Yuezhuang, 
which is located very close to the river floodplain, a similar archaeobotanical assemblage 
as Xihe consisting of carbonised millet and rice is found. These two sites thus provide 
an excellent opportunity for geoarchaeological investigation to throw new light on the 
questions mentioned above. 59 bulk samples, 25 thin section samples and 14 OSL dating 
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Sample 

no. 

GBP 

7:1 

GBP 

7:2 

GBP 

7:3 

GBP 

7:4 

GBP 

7:5 

GBP 

7:6 

GBP 

7:7 

GBP 

7:8 

GBP 

7:9 

GBP 

7:10 

GBP 

7:11 

GBP 

7:12 

Clay 

content 

(%) 

20.307 

36.480 

36.997 

36.142 

19.362 

18.541 

17.463 

17.743 

18.119 

32.848 

missing 

19.043 

Total 

organic 

(%) 

2.139 

2.347 

2.601 

2.335 

2.128 

2.140 

1.845 

1.885 

1.928 

missing 

1.387 

1.430 


Tab. 2 | Results of clay particles and total organic of bulk samples of Profile 7 at Guobei. 


samples were collected from three exposed profiles at Guobei. 59 bulk samples, 20 thin 
section samples and 13 OSL samples were collected at Yuezhuang from two profiles. 
Thin sections were made following methods described by Goldberg and Macphail; 10 
particle size analysis and loss-on-ignition were processed at the Department of Geography 
(http://www.geog.cam.ac.uk/facilities/laboratories/techniques/ ); OSL samples were tes- 
ted following procedures given by Duller 11 at Peking University. 

Micromorphological features of slides collected from the early-Holocene palaeosol 
of P6 at Guobei are characterised by a highly-disrupted microstructure. This mainly 
includes abundant dusty clay features (coatings, infillings and silty clay concentration 
features), in-situ or disrupted crusting features, and the occasional appearance of coarse, 
angular-shaped quartz. The pedo-features of slides collected from Contemporary level at 
both Profile5 and Profile7 are dominated by limpid or less-dusty clay coatings and infill- 
ings. The slides at Profile5 have a typical bioturbated microstructure. Those at Profile7, 
apart from having many limpid clay features, also have abundant dendritic manganese fea¬ 
tures. 12 All the slides have enriched calcitic features, with their quantity changing accord- 
ing to their depth and horizon. The results of particle size analysis confirm stronger clay 
illuviation in samples at Profile7 (Tab.[2j. High organic contents appear at the same level, 
suggesting a positive correlation between clay-sized material and organic accumulation. 13 
However, no significant difference of particle-size-distribution and loss-on-ignition has 
been found between Profile5 and Profileö. The micromorphological features of samples 
from both Profilei and Profile3 at Yuezhuang are characterised by frequent alternations 
of poorly-sorted alluvial/colluvial materials with short-period surface stabilities indicated 
by the formation of very thin dusty clay coatings 14 at the onset of human occupation. 
Abundant animal bones frequently appear in slides at Profilei, but they are absolutely 
absent at Profile3. The ensuing period at Profile3 witnesses prolonged surface stability 
as evidenced by abundant limpid clay coatings and infillings, whereas at Profilei, the 
amount of clay features also increase, but are still interrupted by regulär alluvial Sed¬ 
imentation in the form of poorly- to moderately-sorted deposits. Apart from slightly 
higher organic contents of samples from Profilei which might have been washed into 
the river and re-deposited, there is no significant difference in the results of particle-size- 
distribution and loss-on-ignition. 

These results suggest different land use managements within and between the sites. 
The features observed at Profile6 at Guobei are most likely derived from farming distur- 
bance, as similar features are also found in modern cultivated soils in the same area. The 
highly-bioturbated microstructure and the presence of less-abundant limpid clay coatings 
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Fig. 2 | Micrographs for thin sections collected from Guobei and Yuezhuang. A-D from the Profile 6 (no. 
4 and 5) at Guobei; E from the Profile 7 (no. 2) at Guobei. A: disrupted crustal features, probably caused by 
physical disturbance (XPL); B: Coarse-sand-sized quartz, possibly as anthropogenic inclusions (XPL); C and 
D: clay coatings and associated fatures; note there are two episodes of clay illuviation seen in C, i.e., the 
limpid, bright clay coatings were possibly formed first, which were followed by the formation of dusty clay 
coatings (as the arrow points to, XPL); E: Limpid clay coatings (XPL). F-I from the Profile 1 (no. 6 and 7) at 
Yuezhuang; J and K from the Profile 3 (no. 4) at Yuezhuang. F: surface crustal fatures (XPL); G: animal 
bones, with very angular shape and medium degree of mineralization (XPL); H: bones (upper part of the 
image) and corase mineral (lower part of the image), the coarse mineral is moderately-sorted, sub-rounded 
(XPL); I: angular, poorly-sorted, corase minerals (XPL); J and K: limpid clay coatings and infillings. Bar-scale 
0,5mm unless stated specifically. 


at Profile5 probably suggest soil fauna dominated soils, probably associated with grass¬ 
land and/or sparse tree-growth surface at the time. Similarly, Profile7 also reflects tree- 
growth in the past, and the abundant manganese features imply this place was once water- 
saturated. 15 The sequence of Profilei at Yuezhuang suggests typical seasonal alluviation. 
This, together with the presence of abundant animal bones and occasional pottery sherds 
possibly indicates frequent revisits to the site on a seasonal basis, during which minor 
landscape management (e. g. firing which generates dusty particles) was probably carried 
out. This seasonal occupation is also confirmed by Settlement pattern study at Xihe of 
the same area. 16 The place where Profile3 is located which is about 200m away probably 
experienced much less disturbance. 

This geoarchaeological investigation provides fundamental insights for a better un- 
derstanding of the archaeobotanical discoveries at these Pre-Yangshao sites. It confirms a 
mixed, yet diversified land use pattern, which would have gradually created a mosaic land¬ 
scape pattern as people were moving around. It was possibly this economic subsistence 
that played an important role in the shaping of the early-Neolithic landscape in north 
China. However, this research is just a starting point, more research needs to be done to 
integrate discoveries from individual sites with regional data (archaeological, ecological 
and geological) and to enable a robust switch of landscape perspective from the site-based 
level to the regional level. 
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Introduction 

The development of archaeological survey design is important, especially in environ- 
ments that have undergone substantial modification since prehistoric times. Here we 
present a method for examining such landscapes and preliminary results of the implemen- 
tation of this method. We hope to illustrate the value of these landscapes in contributing 
to our understanding of prehistoric human-environment interaction and the formation 
processes acting on the archaeological record. Subsistence practice is an important aspect 
of human-environment interrelationships, and in the context of the mid to late Holocene, 
this includes changing agricultural strategies. Ironically, modern agriculture and Settle¬ 
ment pattern change presents one of the biggest challenges in carrying out this research. 
This is often seen as a destructive post-depositional process whereby the archaeological 
record becomes destroyed and visibility of any remnants obscured. The study of this 
subject is particularly appropriate in the context of prehistoric archaeological research 
in Egypt, especially in the Nile Delta, a region of where agriculture and Settlement are 
rapidly expanding. 


Agriculture in Egypt 

Agriculture was the mainstay of Egyptian society from its introduction at around 7000 
BP. Agricultural practice in Egypt has changed signifkantly from initial reliance on basin 
irrigation in the early Pharaonic period, through to more intricate local and regional wa¬ 
ter management schemes in the Ptolemaic period, and later national management schemes 
beginning in the 19th Century. The cessation of the annual inundation in the 1960s, while 
now enabling perennial irrigation, prevents renewal of soil fertility. Fodder and animal 
manure help to add minerals and organic content to silt and sand soils, although mineral 
fertilizers are common. 1 Problems such as these in addition to salinization, may also 
result in crop rotation and fallow fields. These issues relating to soil fertility and access to 
water have prompted expansion of agricultural lands, although fields may frequently go 
unused if sufficient water is not available. This expansion potentially impacts the archae¬ 
ological record, although archaeological investigation is still possible and productive. 2 


1 

2 


For the following image all rights are reserved, in contrast to eTopoi’s Creative Commons licence usage: 
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Survey Method in the Delta 

Fieldwork on the desert edge on the Western side of the Nile Delta by the “Khatatbah Pre- 
historic Survey” (Egypt Exploration Society) was aimed at documenting archaeological 
remains to further elucidate two key archaeological issues, the timing and geographical 
trajectory of modern human movement out of Africa during the Pleistocene, and the 
timing and development of early agriculture in Egypt. The survey area deliberately marks 
the distinct boundary between the cultivation of the Delta and the sudden transition to 
the desert edge, a boundary being forced further west by modern agricultural activities. 
Research by Junker confirmed the presence of Neolithic Settlements at the sites of Mer- 
imde Beni Salama 3 and Abu Ghalib 4 (both south of the current survey concession area), 
the former further investigated by Eiwanger 5 for the DAI but it is likely these are not 
the only Neolithic occupations in the area. There is sparse published evidence for groups 
in this area during the Palaeolithic period, 6 and Fekri Hassan 7 noted Middle Palaeolithic 
surface finds at two of his survey sites in 1978. 

The survey localities present environmental and geographical factors which have the 
potential for affecting 

a) the preservation and weathering of artefacts due to differential elevation and expo- 
sure, 

b) the integrity of the original context of occupation depending on modern agricul¬ 
tural disturbance, and 

c) the elevation of the occupation, probably related to the position of shifting water 
sources and subsistence strategies. 

After a preliminary survey, key objectives were identified and a survey strategy for 
the area proposed. The key objectives were to systematically survey selected, previously 
identified areas to map the distribution of Palaeolithic and Neolithic material across this 
region and to assess the condition of these archaeological remains. There are a number 
of criteria as to the selection of sites: their elevation and associated geomorphic features, 
the extent to which the scatters are in disturbed/undisturbed locations and their current 
accessibility. Satellite data was also used to help area selection and historic satellite data can 
provide information on patterns of modern land use, enabling archaeologists to identify 
areas that have undergone intensive use recently. The changing nature of modern land- 
scape use can provide information about possible post-depositional disturbance. Fig. [I] 
shows satellite images from 2005, 2007 and 2010 revealing changes in the pattern of 
cultivated fields. 

Two major survey techniques were proposed to complete this work. Firstly a pedes- 
trian survey to record the general distribution of surface artefact scatters using hand-held 
GPS units and, secondly, an intensive survey to record the three-dimensional position 
of each artefact within general distribution, using a total Station. Supplementary to this 
spatial data, some stone artefacts were analysed to record attribute data and likely chrono- 
logical association. Geomorphological features were identified on existing topographic 
maps and modern agriculture (and recent past) disturbances were noted. Basic topography 
(elevation) was used to guide the pedestrian investigations based on previously recorded 
archaeological finds in this region. 8 

Pedestrian survey transects were placed approximately l-2m apart, running north to 
south. No material was collected or recorded in detail, however general density and likely 
time period of artefacts was noted. Data were recorded with a Trimble GeoExplorer 2008 
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2005 



2010 



Fig. 1 | Satellite data showing changes in land use for agriculture between 2005 and 2010. 


series hand-held GPS unit and consisted of area perimeters, spot finds, and infrastructural 
features deemed relevant for georeferencing maps and satellite images. Despite the heavily 
disturbed nature of the landscape, a large number of stone artefacts were observed. The 
majority of artefactual remains consisted of Palaeolithic material, mainly flakes and cores, 
and some tools, likely in secondary deposit due to fluvial action of the ancient Nile 
courses, or erosion due to modern agricultural activity. Some material may be more 
recent and datable to the early to mid-Holocene, likely both Epipalaeolithic and Neolithic 
artefacts are represented, although few typologically diagnostic artefacts were observed. 


Results 

After a brief initial pedestrian survey of the escarpments on the Western edge of cultiva- 
tion, the focus of investigation was relocated to the east, closer to the Nile, due to scarcity 
of archaeological material. Given the likely focus of prehistoric people on the Nile itself, 
particularly during the mid-Holocene, areas were targeted closer to the modern canal, 
which may represent the approximate position of the Western most Nile branch, no 
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Artefact Type 

Palaeolithic 

Neolithic 

Unknown 

Complete Flake 

86 

15 

13 

Core 

14 

8 

9 

Broken Flake 

10 

1 

8 

Tool 

6 

1 

2 

Ceramic 

N/A 

0 

2 


Tab. 1 | Distribution of each 
artefact type for each time 
period. 


longer present. This region is under cultivation today and field boundaries and irrigation 
ditches divide the landscape, and ploughing has likely disturbed most prehistoric features 
and artefacts. Fields currently not sown or in use provided a convenient sampling unit for 
the survey. These sampling units were selected from along a major road running north to 
south from the Khatatbah police Station in the north to the boundary with Giza Province 
in the south. Each discrete field area was given a unique area designation and in addition 
to recording spatial data (position and extent), a detailed pedestrian survey was carried 
out (Fig.[2|. A total of 18 areas were surveyed and recorded. 

A detailed analysis of the artefact distribution was undertaken at Area 10. Düring this 
survey the position of 175 artefacts, stone (n = 173) and ceramic (n = 2) fragments were 
recorded in three dimensions using a total Station. In addition to spatial data, a general 
chronological era, basic artefact dass, and maximum dimension was recorded for each 
artefact, and every 20th artefact was photographed due to time restraints. While identifi- 
cation of artefact type was relatively simple, temporal designation was more problematic. 
Chronological eras were assigned based on technological features in some instance, and 
the degree of weathering in others. 

Tab. [I] presents a breakdown of artefact type by time period. The high frequency 
of complete flakes suggests the assemblage is relatively undisturbed by post-depositional 
processes resulting in artefact breakage such as the movement of heavy vehicles across the 
surface. The high number of cores suggests very little reduction intensity or movement 
of artefacts away from their place of production. Spatial distribution did not reveal a 
patterning in terms of positioning or clustering of artefacts from a particular period. 
The majority of artefacts recorded are assigned to the Palaeolithic, although there are 
proportionately more Neolithic cores than Palaeolithic in comparison to flakes (Tab. [lji. 
Given the complexity of post-depositional processes, it is not yet clear if this indicates 
any behavioural significance. 


1 Discussion 

Spatial analysis of the distribution of artefacts by maximum dimension suggests post 
depositional processes are a factor in the patterning of the archaeological record. Fluvial 
activity generally reveals distinctive patterning where smaller artefacts are ‘winnowed’ 
to lower elevations, although this was not observed. 9 Instead, Tab. [ 2 ] suggests a linear 
relationship between artefact size and elevation, where smaller artefacts occur at higher 
elevations and larger artefacts at lower elevations. The highest elevation contour pattern 
does not conform to this pattern, although it is closest to the bank disturbance. This is 
likely indicative of earthworks, particularly along the ‘bank’ between the field edge and 
the road, which may have created an environment where momentum of large artefacts 
has contributed significantly. Alternatively, the smaller artefacts closer to the bank may 
reflect the continued erosion of artefacts from the bank onto the surface of Area 10. This 
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provides us with empirical data on the effect of past and modern nature and cultural 
processes on the archaeological record, particularly surface visibility and fragmentation. 
This study confirms the archaeological potential for highly disturbed regions. 
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Contour Band (masl) 

Mean Artefact Size (mm) 

22,5-23 

50.17 

23-23,5 

46.42 

24-24,5 

40.86 

24,5-25 

47.07 


Tab. 2 | Mean artefact size for 
contour bands. 
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Romanization; economic and demographic aspects; Processual archaeology; GIS; socio- 

cultural identity. 

Methodological remarks from our survey projects in Italy (Central Liguria; Northern 
Coastal Etruria-, South Picenum) will be discussed. We chose these study areas because 
they are significant in exemplifying different Italian regional and geomorphological con- 
texts: 

1) Northern Coastal Etruria: Ager Pisanus and Volaterranus mostly plain and gently 
hilly territory along the Tyrrhenian coast. 

2) South Picenum: ager Firmanus mostly hilly territory along the Adriatic coast. 

Both areas present large extensions of ploughed fields and can be walked with a high 

degree of visibility. 

3) The Polcevera Valley is a mountainous and wooded district with a very low degree 
of archaeological visibility. 

Moreover, a strong reason for choosing these districts was that they are rieh in literary, 
epigraphic and archaeological evidence—mostly concerning the Romanization process— 
which we aimed at integrating with the naturalistic research and the survey data. 

Our objectives are both to identify the relationships among the various landscapes 
which succeeded one another and to stress the changing elements in the ancient societies 
(economic, social and demographic aspects, human behaviour, etc). 

These survey projects have a global approach as they are diachronic (from Prehis- 
tory up to the Early Middle Ages) and multidisciplinary; they include geomorphology, 
palaeogeography, remote sensing, geophysical surveys and all available evidence (ancient 
and medieval archaeological, epigraphic and literary sources; toponyms; historical cartog- 
raphy, etc.). 

We apply the Processual methodology Standards 1 both in fieldwork and in artefact 
collection and documentation, as well as in data management by means of Geographical 
Information Systems. Nevertheless, we think that geomorphologic, spatial and quanti¬ 
tative evidence is to be integrated with qualitative and symbolic data 2 in order to re- 
construct the complexity of the anthropic activities in the studied areas throughout the 
centuries. 

In particular we are looking for theoretical tools in order to identify, in ploughsoil 
assemblages, not only native or Roman sites, but also the related changes in land use, 
human behaviours, economic, social and demographic aspects, etc. 


1 

2 
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From our point of view, a joint and flexible analysis of space and time, geomorphol- 
ogy and anthropic agencies can be a useful tool for outlining landscapes overlapping in all 
their complexity. 


Case Study (1) Northern Coastal Etruria 

The studied area in Northern Coastal Tuscany (lower Arno and Serchio, Fine and Cecina 
river valleys) consists of alluvial Holocenic plains mostly formed by sand and silt deposits 
and bordered by mountainous/hilly ranges (Monti Pisani in the north; Colline Livornesi 
and Colline Metallifere in the south). 

Since the 1990s we have been implementing a GIS concerning the present provinces 
of Pisa and Leghorn ( Pisae and Volaterrae territories in Roman times) as part of the Carta 
Archeologica della Regione Toscana Project. In this GIS we have processed data derived by 
our field surveys, laboratory research and integrated studies: about 600 topographic units 
(sites and off-sites) have been identified, dated from Paleolithic up to Late Antiquity. 3 The 
Processual methodology has been adopted in surveying and processing data but without 
deterministic approaches. In particular flexible Standards have been applied in quantita¬ 
tive and qualitative analyses concerning the ploughsoil assemblages, e.g. a very accurate 
study of sherds can identify diagnostic items for defining site typology, chronology and, 
in general, economic and social changes. 

We chose for its representative value the hinterland of Vada Volaterrana harbour as 
a sample area. Here rural Settlement strongly increased in the 2nd Century BC. Latial 
and Campanian Graeco-italic amphoras, cooking wares and black glazed vessels are the 
diagnostic tools for dating the sites and reconstructing the Romanization process in this 
district. Besides the economic aspects, the social importance of these imported goods has 
been stressed as they provided evidence of cooking and Symposium praxis according to 
the Roman fashion. 

Other kinds of finds (painted plasters, mosaics, marble slab pavements, bathing ele- 
ments) have been used to distinguish the most remarkable units ( villae) from the simpler 
rural sites (farmsteads, in Latin villae, villulae, casae, tuguria 4 ). In our DataBase vocabu- 
lary we do not adopt a rigid classification: when survey data are not sufficiently specific 
we use intermediate terms such as “villa or farmstead;” “farmstead or small rural building” 
(either for independent habitation or as part of larger estates).We think this is a useful 
strategy to avoid interpretative bias when the archaeological visibility is not good enough, 
due to natural or anthropic agencies. 


Case Study (2) Southern Picenum (Ager Firmanus) 

Our Pisa South Picenum Survey Project (Marche Region) concerns the territory of the 
Latin colony Firmum Picenum (264 BC) which extended between the Tenna and Aso river 
valleys. This territory is characterized, west to east, by a mountainous area (650m a.s.l. 
average) which slopes down in a Plio-Pleistocenic hilly sector (400-200m a.s.l.) reaching 
the Adriatic littoral. The narrow and low Coastal Strip is mostly gravelly and sandy. 5 

The methodology applied in surveying, managing and processing data is the same 
as reported above. In this area we identified 780 topographic units, dated from Lower 
Paleolithic up to Late Antiquity. 
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Fig. 1 | Field scatters in the 
ager Firmanus. 



Comparing the results of the Tuscany and Marche surveys, we note different interpre- 
tative conditions in these two areas. While the Tuscan plain or gently hilly territory was 
generally walked with good archaeological visibility, in the latter area steep slopes and 
human agencies affected the ancient landscapes and their archaeological documentation 
more strongly. The ratio between sites and off-sites is clear evidence of this regional 
difference: in the ager Firmanus the off-sites reached 58%, as 330 sites and 450 off-sites 
have been identified, while in the Coastal ager Volaterranus the off-sites are about 11% of 
the total topographic units. 

We analyzed these 450 field scatters very carefully, in order to dehne their origin. 
For example, most of them have been interpreted as site-derived sherds: that is the last 
residue of missing sites, almost completely destroyed or concealed by anthropic/natural 
post-depositional processes, while the other scattered sherds derived from various human 
activities across the countryside. 6 As well known, specific off-site analysis can provide 
highly informative data for landscape archaeology. 7 

In this territory 108 sites have been interpreted as farmsteads connected with the 
Firmum triumviral centuriatio quoted by several literary sources and epigraphic evidence. 
The global approach is particularly necessary in this case, including the integrated study 
of all kinds of sources for reconstructing a more complete framework of the local social 
and economic history. 


Case Study (3) Valpolcevera (Genua-Liguria) 

The study area is the mountainous district of the Valpolcevera (Polcevera Valley), in 
Central Liguria, between the port city Genua and the Apennine passes leading to the 
Po Plain. 

The Valley is characterized by steep slopes and dense Vegetation cover while ploughed 
Felds are very small and rare. Moreover, the archaeological evidence is very scanty. In fact 
it is very difßcult to identify the Ligurian sites by survey, as they generally consist of 
small huts made of perishable materials. 

The local ancient landscape and its economic and social structures are described in a 
remarkable epigraphic source, the Sententia Minuciorum (117 BC), which also provides 
information concerning the ßrst Segment of the via Postumia (148 BC). This was the 
major Roman road connecting Genoa and Aquileia through the Polcevera Valley and was 
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Fig. 2 | Polcevera Valley’s 
landscape. The remarkable 
mid-slope stone may be 
interpreted as terminus (see 
Siculus Flaccus, De condicionibus 
agromm, 139 L; 142, L). 


constructed during the Romanization process of Northern Italy. The Sententia provides 
fundamental Information about the Valley’s administrative-)uridical Organization and the 
borders of ager privatus and ager publicus, which were marked by 21 termini (boundary 
stones). These were the object of specific research. 8 

Due to the peculiar archaeological evidence in the Valley, a specific strategy has been 
applied including thorough consideration of various interpretative categories (religious, 
symbolic, ideological aspects). In this perspective the Polcevera Valley appears to keep its 
marginalization and its social-cultural identity due to a strong bond between people, their 
places and their collective memory. 

In conclusion, in spite of the stochastic nature of survey evidence, we think that by 
applying a global approach—including quantitative and qualitative analyses, technological 
Systems applications and place perception—we have a higher probability of understanding 
the ancient landscapes’ complexity. 
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The Harbour of Pergamum - Coastal Evolution 
of the Bay of Elaia (NW Turkey) 


Sedimentology; Coastal evolution; Pergamum; Elaia; geoarchaeology; Hellenistic har¬ 
bour. 

An archaeological survey organised by the German Archaeological Institute (DAI) has 
been carried out since 2005 in the Bay of Elaia (see Fig. [ÖJi), situated 26km south-east 
of Pergamum (modern Bergama). Among others, it discovered ancient cemeteries and 
remains of submerged stonewalls. Together with literary evidence from ancient sources, 
the findings led to the conclusion that the Bay of Elaia once had hosted the harbour of 
Pergamum. Further investigations aimed at deciphering the spatial and temporal changes 
of the Coastal area, especially during the Classical and Hellenistic epochs. Palaeogeogra- 
phy is essential for understanding the function and characteristics of the archaeological 
evidence. 1 Incorporated into the network of the SPP 1209 “The Hellenistic Polis as a 
Living Space”, funded by the German Research Foundation, we have studied the area 
under geoarchaeological aspects since 2008, based on a total of 68 terrestrial and semi- 
aquatic corings (see Fig. [lj. As for the geoarchaeological research design, see Brückner 
and Vött. 2 

First results have been published by Brückner and Seeliger, 3 Brückner 4 and Seeliger; 5 
they are partly also described in Seeliger 6 and Bartz. 7 Tab.fms a Compilation of the AMS- 
C ages. 

In this abstract, we present the history of the central harbour basin that today is 
the most visible relict of ancient Elaia. The closed harbour basin, situated in the central 
northern part of the Bay of Elaia, has almost totally been silted up by Sediments from 
the surrounding hills (see Fig.[2jr). The present aspect makes it hard to imagine that water 
depth was deep enough for ships to anchor here as described by ancient authors. The 
main aim to study the basin was to determine the dynamics and the timing of the siltation 
process. 

Coring EFA 13, with a total depth of 10m b.s. (below present surface) was carried 
out 37m to the east of the closed harbour’s Western pier (see Figs. |2jo, [2]c). Up to 7,00m 
b.s., well-sorted, dark greenish grey clayey silt occurs (see Fig. [ÖJi). The fine grain size 
and the homogeneity indicate a calm sedimentary environment. The granulometry and 
the geochemical parameters suggest a marine formation of the lowermost three metres of 
EFA 13. 

At approximately 7,00m b.s., the marine facies is covered by a lagoonal one, reaching 
up to 3,10m b.s. and showing remarkable differences in the geochemical and sedimen- 
tological parameters as compared to the substratum. These changes originate from the 
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Geoarchaeological corings in the Bay of Elaia 


Western transect ■■ Underwater wall structures 
Northern transect ■■ Closed harbour basin 

Eastern city transect ^ Near assumed shipsheds 
•t Sandspit ^ Former fluvial structure? 

% City transect ^ Former fluvial structure ? 

Foothills ofYuntdag 


Fig. 1 | Position of the corings in 2008-2011, organised in geological transects and/or different topics. la: 
total overview, lb: area of the central harbour basin, lc: area east of the “Diateichisma.” Source: own design, 


2012 . 


Sample ID 

Laboratory ID (UGAMS) 

Material 

5 13 C(%o) 

Libby-Age 

cal BC/AD (2 <j) 

ELA 13/10H 

6038 

charcoal 

-26,4 

1640±25 

340-532 cal AD 

ELA 13/13SG 

6037 

charcoal 

-27,5 

1750±25 

283-381 cal AD 

ELA 13/22H 

6036 

wood 

-27,4 

2250±25 

391-209 cal BC 

ELA 18/09 

6030 

charcoal 

-24 

1730±25 

245-384 cal AD 

ELA 18/07SG 

6031 

charcoal 

-24,5 

1740±25 

240-381 cal AD 


Tab. 1 | Table of 14 C ages. Dating laboratory: Center for Applied Isotope Studies (CAIS), University of 
Geo rgia (U SA); calibration with Calib 6.01; marine reservoir effect: 390±85 years, AR: 75±60 years Siani 


et al. 2004 All ages are noted with a 2cr-Standard deviation in calibrated years BC (before Christ) and AD 


(Anno Domini, after Christ), respectively. 


construction of the harbour pier which dates back to Hellenistic times. 8 As a conse- 
quence, the area of the closed harbour basin was connected with the open Aegean Sea 
only through a narrow port entrance. A piece of wood at 6,75m b.s. dates to 391-209 
cal BC (ELA 13/22H, see Figs. [2]J, |2^). This age links the building time of the harbour 
pier to the depth of the Sediment core at 6,75m b.s., nearly marking the marine/lagoonal 
transition. Thus, the postulated Hellenistic construction time of the harbour is verified 
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Photograph of the Bay of Elaia (H. Brückner, 2010) 

M. Seeliger and F. Stock at work with the Cobra mkl (coring device) in the central 
harbour basin of Elaia, coring site ELA 13 (H. Brückner, 2009) 

Photographie documentation of the core ELA 13. The present surface is on the upper 
left, coring depth of 10 m is on the bottom right (F. Stock, 2009) 

Selected geochemical Parameters and facies interpretation of the core ELA 13 (own 
design, 2009) 

Radiocarbon dated material from ELA 13 (M.Seeliger, 2009) 


Fig. 2 | Compilation of coring ELA 13. Source: own design, 2011. 


by geoarchaeological evidence. Abundant plant remains occur in the lagoonal part e.g., 
a cluster of sea grass (Posidonia sp.) at 6,75m and 5,65m b.s. The high LOI underlines 
the high percentage of organic material. Due to the closing of the harbour by a pier, 
the sedimentary environment turned even calmer. Due to the settling of Elaia, nutrients 
were flushed into the basin in the rainy season, thus supporting the plant growth. Düring 
Hellenistic times, the city of Elaia prospered and parts of the hinterland as well. 

Moreover, several bivalve and gastropod species are indicative of a lagoonal environ¬ 
ment, e.g. Cerastoderma glaucum which predominantly colonises muddy-sandy grounds 
to depths of 10m. C. glaucum acts as an indicator for lagoonal or shallow-marine condi- 
tions due to its high tolerance to fluctuations of temperature, oxygen concentration and 
salinity. 9 

The marine Sediments are of similar granulometry as the lagoonal ones. This is due to 
the configuration of the Bay of Elaia. The central harbour basin is situated at the farthest 
edge of the very elongated embayment; therefore, the wave action is strongly buffered 
and much lower than in many other regions of the Aegean. Furthermore, the mean tidal 
ränge in this area is less than 20cm. 

Between 3,10m and 1,80m b.s., the core section is dominated by silty fine sand. Two 
radiocarbon age estimates render a chronological framework: the lower one (wood, 2,55m 
b.s.: 283-381 cal AD, ELA 13/13SG, Fig. [2p as well as the upper one (charcoal, 1,92m 
b.s.: 340-532 cal AD, ELA 13/10H, Fig. [2^) fit in well with the fact that Elaia had already 
lost its importance in Roman Imperial times. Thus, the siltation of the central harbour 
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basin started before 283-381 cal AD. Low c(Na + )/c(Fe 2+ / 3+ ) ratios point to an increasing 
terrestrial and a decreasing marine impact. This is supported by the decline of c(Mg 2+ ), 
which was quite constant in the marine and lagoonal facies. Decreased values of CaC0 3 , 
correlating with low pH values, are further evidence. 

The uppermost layer from 1,80m b.s. to the present surface is made up of greyish 
green clayey silt representing a more or less silted-up lagoon. The Sedimentation pattern 
corresponds to the recent aquatic conditions in the central harbour basin. Today, its area 
is flooded by the tides, the sea level being also influenced by the intensity and the direction 
of the wind; from time to time, the basin even runs dry. These variations in flooding can 
be traced in the rise and fall of the CaC0 3 value and c(Na + )/c(Fe 2+ / 3+ ) ratio. 

We can state that the bottom of the ELA 13 core represents a marine facies. The 
harbour pier, constructed between 391 and 209 cal BC, separated the area of the central 
harbour basin from the open shallow marine waters. A lagoonal facies developed between 
7,00m b.s. and the ground surface. The harbour of Elaia was used in Hellenistic and 
Roman times. Thereafter, it was gradually given up. The strong siltation started at the 
end of the lagoonal facies around 3,10m b.s. and occurred before 283-391 cal AD. The 
recent sedimentary conditions have dominated the central harbour basin since 340-532 
cal AD. 

Furthermore, we decrypted the kind and the construction date of the harbour pier 
based on ELA 18 coring, located due west of the Western harbour pier down to a max- 
imum depth of 3m b.s. (Fig. [TJ. The stone basement is recognisable from the bottom 
of the core up to 1,83m b.s. Between 1,83m and 1,36m b.s., shallow marine Sediments 
occurred, superimposed by laminated silty-clayey material. A 14 C-age (charcoal, 1,75m 
b.s.: 245-384 cal AD, ELA 18/9) gives a minimum age for the harbour pier. Based on 
archaeological and construction-engineering criteria it can be excluded that the pier was 
built in post-Hellenistic times. As described above, the pier can be 14 C-dated to 391-209 
cal BC, based on the marine/lagoonal transition at about 7.00m b.s. in core ELA 13. 
Another 14 C age (charcoal, 1,38m b.s.: 240-381 cal AD, ELA 18/7SG) correlates well with 
the siltation sequence reconstructed from the interpretation of ELA 13 (340-532 cal AD, 
ELA 13/10H). The laminated material that occurred above 1,36m b.s. originated in the 
drying-out and flooding of this area over the past centuries. Thus, Sample ELA 18/7SG 
also dates the time when the area outside the central harbour basin started to silt up 
strongly. 
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Introduction 

We usually consider the Roman people as conquerors of the land, able to tarne the land- 
scape, with its constraints and changes, through often brilliant engineering Solutions. 
Throughout the Roman Empire, including the south of France, they built aqueducts, 
roads, channels, terraces, and harbours, etc. As the population increased during the Early 
Roman Empire, the conquest of new agricultural lands became a necessity. 1 Arable lands 
and marshes, which were a source of fertiliser, were more and more sought-after. 2 Latin 
agronomists testify to the Roman knowledge and skills in draining wetlands, Columella 
writing that, if the land is wet, it would be dried with ditches collecting the overabundant 
waters. 

With a proven ability to manipulate and dominate the environment and the requisite 
knowledge and experience to drain wetlands and ‘create’ suitable agricultural land, com- 
bined with the need to find new agricultural land during the Ist Century AD, our question 
here is: why, after only three generations of occupation, did the Roman inhabitants of 
Beaulieu (Monteux) choose to abandon this site when the water table began to rise, rather 
than try to drain the water? In this study, we looked at a variety of data streams, including 
changes in building use, and geomorphological and environmental analysis to show that 
rather than modify the local environment and control changes in the water level, the 
Roman inhabitants of Beaulieu chose another course of action. 


Archaeological Context 

In autumn 2009, prior to the development of an industrial Zone near the town of Monteux 
(Vaucluse, Southern France), a Gallo-Roman settlement dating from the first through the 
middle of the 2nd Century AD was excavated. 3 

The establishment is a classic L-shaped Roman exploitation. The site was badly pre- 
served, with the stones from all of the elevations removed from the walls and the court - 
yard. The level of the courtyard was lower in relation to the two wings of the building, 
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ROMAN ESTABLISHMENT 




Fig. 1 [ Site location and study area. 


and included a ditch to evacuate water. In contrast to other settlements from the region 
dating to the same period, 4 we do not know if the water evacuated from the courtyard 
was used for irrigation; nevertheless the ditch was oriented towards the agricultural area. 

In the agricultural area, a complex System of ditches was preserved. Two main ditches, 
which are oriented north-south and east-west and more or less, divide the space. They are 
several hundred meters in length and between 0.7 and lm deep. At their junction they 
reveal a curious pattern: extending perpendicular to each side of the north-south ditch 
are a dozen small trenches. At the terminus of each of these small trenches is a small 
‘gate’ or ‘lock.’ The System illustrates without doubt an irrigation complex dating to the 
period of the establishment. These same ditches could also have played the role of drains, 
especially during heavy rain events. 

Ceramics and coins were rare on the site, making it difficult to date the site’s develop¬ 
ment precisely through time. The oldest levels delivered artefacts from the second quarter 
of the Ist Century AD but it is clear that it was during the second half of the Ist Century 
and the beginning of the 2nd Century AD that the establishment was at its zenith. The 
archaeological data point to abandonment of the site in the middle of the 2nd Century 
AD. 5 

The building shows signs that few modifications were made during its history. The 
north wing had been extended with the addition of two new rooms on the Western side, 
while one of the original rooms, probably dedicated to agricultural activities, was divided 
in two. The east wing was also modified, with several internal walls removed to extend 
the two main rooms. 
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The courtyard covered a surface of 1150m 2 , extending between the two wings to walls 
on the Southern and Western part, and was stabilised with tiles and stones, probably to 
facilitate the evacuation of water. The main entrance is likely located at a break in the 
Western wall. 


Rise of the Water 

Two studies, a geomorphological investigation of the site, and a pollen analysis of the fill 
from the ditches within the agricultural area, were undertaken and led to the same con- 
clusion: during the early Gallo-Roman period, the larger site area became dryer resulting 
from a decrease in the water table. This drying of the area allowed, for the first time at the 
beginning of the Ist Century AD, the area to be settled and exploited agriculturally. This 
‘dry phase’ persisted for at least a Century, after which the water table began to return to 
its earlier level. 6 

Excavation of a series of ditches at the site revealed several phases up until site aban¬ 
donment. Firstly, the ditches filled with aqueous deposits, characteristic of stagnant water; 
some of the ditches show evidence of dredging, suggesting the site was still occupied. The 
ditches were then abandoned, the ditch walls collapsing and filling in the base, with the 
walls stabilising at an angle of around 30°. The next depositional event is composed of 
Sediments derived from the wider site area. Finally, and interestingly, travertine tubulär 
concretions and mollusc shells in a sandy and chalky matrix were observed in a number 
of locations within the final deposit in the ditches. These tubulär concretions indicate 
the colonisation of the ditches by aquatic plants, probably reeds, and thus a return to 
a natural depositional environment and a definitive and long-term abandonment of the 
establishment. This pattern was found at several locations across the site: in the courtyard 
area, as well as an artificial pond Contemporary with the exploitation located a few metres 
to the north of the buildings. These deposits indicate the long-term presence of stagnant 
water, indicating that not only were the ditches abandoned, but also the wider site. 

To confirm the sedimentary evidence of rising water levels and abandonment, the 
complete Stratigraphie sequence of two main ditches was investigated using pollen anal¬ 
ysis. 7 The pollen assemblages from both the north-south and east-west ditches indicate a 
very similar environmental history, with higher percentages of Poaceae, tree and shrub 
pollen being replaced by increasing percentages of Cyperaceae, Factuceae and other aqua¬ 
tic taxa. Overall pollen concentrations begin to decrease at this time. 

The assemblage indicates that trees and shrubs decreased across the site during the 
early portion of the occupation, and most likely represents clearance at the site, possibly 
for settlement or agricultural purposes. The high values for Poaceae pollen in particular 
suggest that pastoral farming activities may have formed an important component of the 
local environment. Their decreasing concentration together with tentative identifications 
of Avena (oat), Secale (rye) and Hordeum (barley) suggest that arable farming also took 
place near the site. The early domination of the sequence by Poaceae gives way to high 
Cyperaceae, Factuceae, and other aquatic plant pollens indicating a transition to a wetter 
local environment. 


Response to the Invasion of the Water: Flight 

As we explained above, the Beaulieu site was a quite ‘young’ establishment when it was 
abandoned around the middle of the 2nd Century AD, and this abandonment is related 
to the site becoming wetter and as such un-exploitable (the habitation, the agricultural 
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Fig. 2 [ Detail of a portion of the irrigation System (above) and ditch profile and tubulär concretions 
(below). 


area?). The total absence of artefacts in the upper and ‘aqueous’ Sediments in the ditches, 
the courtyard and the pond shows the inhabitants did not try to stay, even for a limited 
amount of time, once the water table rose. 

The complex System of irrigation and drainage built in the agricultural area testifies 
that the inhabitants had the knowledge and tools to control water. However, the simple 
maintenance of the System, evidenced through the cleaning and re-cutting of several 
ditches, was not enough to prevent the eventual inundation of the site. Nevertheless, 
the rise of the water table was a relatively long affair (it did not happen overnight), yet we 
find no evidence of the modification of the drainage System in the agricultural area nor in 
the courtyard. Additional drains could have been built, or those existing, enlarged. 

The precise answers to these questions have been lost with the inhabitants of Beaulieu. 
Today it seems stränge that such an investment would not be saved. Perhaps the inhabi¬ 
tants of Beaulieu were not the owners of the establishment, or perhaps it was just easier 
to find a new place to live? What is clear is that a pluridisciplinary approach, combin- 
ing traditional archaeological methods, geomorphology and detailed paleoenvironmental 
studies, allowed a more nuanced study of the occupation and abandonment of Beaulieu 
and the plain of Comtat Venaissin during the Roman period, even if, in the end, it has 
resulted in more questions. 
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The Geology and Papyrology of Hermopolis 
and Antinoopolis 


Egypt; geoarchaeology; Nile; papyrology. 


The relationship between the two neighbouring and important towns in Middle Egypt of 
Hermopolis and Antinoopolis (N27°47’, E30°48’) is evident in a number of papyri exca- 
vated in Egypt. Both claim to have been founded, albeit at different times, on the river 
Nile but only Antinoopolis is on the Nile today. Our geo-papyrological collaboration 
aims to explore the landscapes and documents that bear on the changing relationship 
between the two cities. 

The large collection of documents that bear on the puzzling relationship between 
the two cities of Hermopolis and Antinoopolis generally come from the main papyrus- 
yielding areas of Oxyrhynchus and the Fayum and several other quite distant locations. 
The texts that refer to both cities however mostly originated from one of the two, pre- 
dominantly Hermopolis. The documents include land deeds, real-estate contracts, tax 
registers, declarations for un-inundated land, official and private correspondence, peti- 
tions, estate accounts, receipts, slave sales, as well as documents with specific reference to 
shipping, such as freight contracts, transport of sailors dockets, receipts for ship cargos, 
grain transport etc. 

While both cities have foundation myths that involve being founded on a river, only 
Antinoopolis is currently on a river-bank. Archaeologically the history of Hermopolis 
can be traced back to the Old Kingdom and parts of structures dating from the Middle 
and New Kingdoms (Ramesses II) still survive today, although early excavation reports 
mention finds that date back to the First Dynasty. 1 Note, however, that movable objects 
may have been brought into an important site, blurring the foundation date in the same 
way that Old Kingdom columns were re-used at Karnak, although there is no evidence 
for buildings at the location at that date. Later in 130 AD Antinoopolis (about 5km east 
of Hermopolis) was founded on the Nile by Hadrian at the point where, tradition has 
it, Antinoos, his lover, was drowned. Whilst Antinoopolis is currently on the Nile, the 
Hermopolis myth seems little more than a myth unless either an additional channel of 
the Nile once existed at Hermopolis or one of the two remaining channels of the Nile, 
the Bahr Yusuf in the west and the Nile itself in the East, have migrated. In this work 
we set out to determine whether the Hermopolis foundation myth is fanciful or whether 
changes in the Nile can account for the apparent discrepancy. 

Nile migration is common in Egypt and Bunbury et ah, 2 from their borehole evi¬ 
dence at Karnak, showed that the Nile appeared to have moved during the 2000 years 
of construction of the temples as well as since completion of the first pylon. Hillier et 
al. 3 also showed that the Nile has continued to move around the floodplain but could 
not re-cross the site of Karnak since, being more resistant to erosion than the rest of the 
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Fig. 1 | A map to show the 
main geographical features of 
the Nile floodplain in the 
Hermopolis-Antinoopolis area, 
Egypt. Field-set (hod) 
boundaries are shown with fine 
dashed lines, the rivers and 
canals with solid lines and the 
pattern of dry rivers in the 
desert (wadis) with heavy dotted 
lines. Hatched areas indicate 
modern Settlements. 


floodplain, silts provided a barrier to migration. Typical rates determined by Lutley 4 from 
her work further north in the Memphite floodplain suggested that Nile migration rates 
can reach a maximum of 9km/millennium but in general the mean rate of migration for 
sites across Egypt is closer to 2km/millennium. 

Using these methods and observations of the Nile at other sites we can determine the 
most likely type of landscape change in the Hermopolis-Antinoopolis area. The sites 
of Hermopolis and Antinoopolis (Fig. [l]) are set in a part of the floodplain that is around 
15km wide and there are two channels of the Nile in the area; the minor channel, the Bahr 
Yusuf, to the west and the main channel of the Nile to the east. Texts from Oxyrhynchus 5 
demonstrate that there has been little movement of the Bahr Yusuf at that location and, in 
addition to this, the large number of sites on the Bahr Yusuf and its sinuosity both suggest 
meandering around a relatively consistent course. The main Nile channel on the other 
hand shows evidence in the field boundaries (fine dashed lines on Fig. [TJ for migration 
away from Hermopolis and towards Antinoopolis. Upstream of Antinoopolis migration 
westwards is now occurring but there is no evidence for this at Antinoopolis itself as it 
is located where the river is touching the desert edge. The geometry of migration is thus 
consistent with migration of the main channel from the Hermopolis site eastwards to 
Antinoopolis. 

To test this hypothesis numerically we can take a date of 2100 BCE for the oldest 
buildings at Hermopolis, for that when it was founded on an island, and 130 CE for Anti¬ 
noopolis, and thus allow 2230 years for the migration of the river over the intervening dis- 
tance of around 5km giving a rate of 2.2km/millennium. Since this rate of migration falls 
close to mean migration rates, it is reasonable to suppose that this was the same branch 
within which Hermopolis was founded on an island and that it subsequently moved to 
the location at which Antinoopolis was founded. It is interesting to note that, although 
the Nile migrated normally until 130 CE, it has not migrated away from Antinoopolis 
since this time, which is suggestive of an anchoring of the river by the Roman town by 
a mixture of revetment of the banks and reduction in the erosive power of the Nile by 
removal of water for irrigation. 

While revetment may have impeded the movement of the watercourse around the 
town, it would not have inhibited movements either upstream or downstream of the 
protected area. It is possible that the cultivable land available to Antinoites when the city 
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was founded might have been a bit more plentiful than it would appear today since a 
paucity of arable land would be a major weakness of a new city site. Hence geographical 
observations inform an Interpretation of various documents. For instance in a letter 
regarding the transportation of sailors (CPR V 10), the Stategus of Hermopolis requires 
sailors to be recruited and then escorted by soldiers to the harbour at Antinoopolis. The 
inference here is that there is a significant harbour at Antinoopolis but that the shipping 
is being managed from Hermopolis. Although the two communities were not set up as a 
twin town it seems that Hermopolis is using the Antinoite harbour for its large shipping. 

Although Hermopolis was initially the administrative centre, they were later given 
equal Status under Diocletian’s reforms in the late third Century. Moreover, land exchange 
documents seem to suggest that the majority of fourth Century transactions were of 
land passing from the Hermopolite population to the Antinoopolite one. An increase 
in the number of transactions of land being transferred from Antinoopolite oversight to 
Hermopolite oversight is not common until the sixth Century. Since geographically there 
seems to have been very little land associated with the Antinoopolite foundation and that 
this land was likely to be decreasing in area as the river continued to migrate (upstream 
and downstream) towards the desert edge, we understand the documents as reflecting the 
need of Antinoopolites to acquire land from the Hermopolites. Subsequent migration 
probably reversed away from the desert edge and thus made the exact opposite beneficial. 

In conclusion, integrating the palimpsest of the Nile valley floor and the Information 
that it reveals about the Nile migration in the area with the extensive documentary 
evidence from the papyri shows that the two sites have evolved in tandem but that their 
relationship was mediated by movements of the Nile. It is also reasonable that Hermopo¬ 
lis was founded on the Nile as it claimed but that, by the time Antinoopolis was founded, 
the Nile had moved to the east of the Valley. 
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Introduction 

The Llanos de Moxos (LM) covers an area of 150,000km 2 in north-eastern Bolivia. The 
landscape is characterized by savannahs crisscrossed by rivers and paleorivers. The forest - 
savannah boundary is controlled by the repeated cycles of seasonal floods that impede 
tree growth through anoxic conditions and severe drought. 1 The LM hosts extensive pre- 
Columbian earthworks: canals, causeways, fish weirs, raised fields and monumental earth 
mounds. 2 These earthworks are unevenly distributed in the LM (Fig. [T|; some types of 
earthworks are present in some areas, whilst absent in others. 3 Therefore, the LM offers 
an excellent opportunity to compare different kinds of archaeological landscapes and the 
links between environmental settings and the development of complex societies. Social 
complexity is understood as the combination of subsistence intensification, political in- 
tegration and social stratification following population growth. 4 Here, two regions from 
within the LM are compared: the platform fields region (PFR) in the north-western LM 
and the monumental mounds region (MMR) in the south-east. 


The Platform Fields Region 

The platform fields region, in the north-western LM (PFR in Fig. [TJ is uplifting 5 and 
modern rivers flow in the deeper parts of paleo valleys. 6 Therefore, in the PFR, seasonal 
inundations are due exclusively to rainfall and rivers do not deposit Sediments onto the 
floodplain. Topographie profiles show that the PFR has a general concave topography 
with an average gradient of about 0.15cm Km -1 (Fig. |2^). Forested fluvial levees are 
almost absent here. Even on slightly elevated relict levees, forested areas are very rare. 
Soil profiles show high hydromorphism and a thin A horizon. The combination of 
severe water-logging and old weathered soils creates highly unfavorable conditions for 
agriculture, as indicated by the presence of cerrado-like Vegetation. 7 

No lakes or other water sources are available for irrigation during the dry season in 
the area. 
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Fig. 1 [ The different pre-Columbian earthworks found in the Llanos de Moxos and their spatial 
distribution based on Lombardo, Canal-Beeby, and Veit 2011 Platform, ridged and ditched fields are 
different types of raised fields, which are pre-Columbian agricultural fields. Ditched fields are a special case 
because they are actually not elevated. Ring ditches are ditches that limit pre-Columbian settlements. 


In the PFR there are about 50,000 hectares of platform fields 8 accounting for 6.4% 
of the whole landscape. Platform fields are a type of raised field that are particularly 
wide but only slightly elevated. The PFR is probably the region in the LM where the 
greatest amount of earth was moved by pre-Columbian people. Raised fields have been 
described by several authors as being highly productive, managed following a Chinampas- 
like model, where Standing water between fields provided green manure for fertilization. 9 
However, field morphology and spatial distribution indicate that in the PFR this model 
cannot be applied and fields were built with the sole purpose of maximizing drainage. 10 
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Fig. 2 | Satellite images of the PFR (a) and the MMR (b) with topographic profiles. Locations of the PFR 
and the MMR are shown in Fig.nl Source of the images: Google earth; topographic profiles based on the 
original Shuttle Radar Topograpny Mission (SRTM) Digital Elevation Model (DEM) for the PFR and on a 
resampled SRTM DEM for the MMR. See Lombardo, May, and Veit i 


2012 


for the resampling method. 


The fields in this area are only 40cm higher than their surroundings and depressions 
between fields are not embanked. Moreover, fields were built on the naturally better 
drained sites. Therefore, water could not be retained between the fields. No monumental 
earthworks or other evidence for complex social activity has been found in the PFR. 


The Monumental Mounds Region 

In the MMR (Fig. [I] and Fig. |2 |d), the landscape is characterized by the presence of savan- 
nahs closely interwoven with forested levees of paleo-rivers. Our research shows that, in 
the MMR, mid-Holocene fluvial activity associated with the paleo Grande River (Fig. [TJ 
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created relief on a local scale by depositing many fluvial levees, accounting for approxi- 
mately 25% of the MMR, and on a regional scale by depositing a sedimentary lobe that 
created a topographic high. 11 The topography of this lobe accounts for the relatively good 
drainage conditions in the MMR (Fig. [2J3). Thanks to the fertile Sediments deposited 
by the Grande River and the relatively good drainage, soils here have thicker organic 
epidedons and far less hydromorphism than in the PFR. However, the MMR was not 
immediately suitable for agriculture. When people built the monumental mounds in 
this area, the Grande River had left behind a landscape where patches of floodplain 
remained completely enclosed by the fluvial levees. This phenomenon greatly reduced 
natural drainage as rainwater remained trapped in these enclosed savannahs. Thus, in 
order to make full use of the MMR’s agricultural potential, pre-Columbian people had to 
transform the landscape through the construction of a drainage System. Remote sensing 
imagery and extensive field work provide evidence of a dense network of pre-Columbian 
canals in the MMR. Canals improved the drainage by cutting through the paleo-levees 
or by taking water from the flat savannahs to the rivers. Pre-Columbians also used some 
of the numerous lakes present here as water reservoirs, allowing irrigation and agricul¬ 
tural activities during the dry season. In the MMR, between AD 400 and 1400, 12 pre- 
Columbians built dozens of networked monumental earth mounds along the paleo-river 
channels. Monumental mounds, called locally “ lomas are earth buildings that follow 
structural patterns and geometric rules. The average mound covers 5.5 hectares and con- 
sists of a 3-5m elevated earthen platform that hosts one or more pyramidal structures 
on its top. Monumental mounds can be up to 21 meters high and can cover up to 20 
hectares. Monumental mounds are by far the most labor-consuming earthwork that has 
been documented in the LM. They probably played an important political and ritual 
role. 13 

Intriguing anthropogenic earthworks can be found in other parts of the LM (Fig. [lj, 
but the MMR is the only area where the existence of a complex pre-Columbian soci- 
ety has been clearly documented to date. The spatial distribution of the mounds and 
their associated infrastructure of canals and causeways provide good evidence for the 
existence of political structures. 14 Archaeological excavations have unearthed elaborately 
decorated pottery and different burial traditions, 15 indicating specialized craftsmen and 
social distinction. Monumental mounds were occupied continuously and simultaneously 
for 1000 years. 16 Archaeobotanical evidence suggests that Maize {Lea mays L.) was a 
major contributor to the diet along with manioc (Manihot esculenta Crantz). 17 Other 
cultigens found include chili pepper, sweet potato, jack bean, peanuts, squash, and cotton. 
Nevertheless, no raised fields have been reported in the MMR. 


Discussion 

The PFR and MMR present some similarities and important differences. Both regions 
are crossed by paleorivers and both regions are free from river overflows. However, the 
two differ in soils and relief. In the PFR, hydromorphic soils with thin organic layers are 
associated with a low gradient, a concave profile and limited local relief. On the other 
hand, in the MMR, more fertile soils with thicker organic epidedons are associated with 
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a convex topography at regional scale and abundance of elevated paleo-levees at the local 
scale. Moreover, in the MMR there are abundant lakes located in elevated areas that can 
be used for irrigation (Fig.^). These differences are essential to understand the different 
landscape engineering strategies developed by pre-Columbians and, ultimately, the levels 
of social complexity achieved. The absence of local relief and the low gradient in the 
PFR made this area unfit for agriculture. Local relief had to be artificially created by the 
construction of raised fields. Raised fields per se cannot be assumed to be the product of 
a large complex society, because their construction and maintenance do not require the 
coordination of large groups of people 18 and because estimates of their carrying capacity 
are far from reliable. 19 The lack of evidence of social complexity suggests that the PFR was 
sparsely populated. The anthropogenic landscape that can be seen today is likely to be the 
accumulated result of repeated phases of construction and abandonment of raised fields. 
However, archaeological data are still too limited to estimate pre-Columbian population 
density and Settlement dynamics. Our hypothesis is that people in the PFR had to work 
hard to try and ameliorate agricultural conditions through building raised fields, but the 
general edaphology did not permit surplus production or high population density. 

On the other hand, the construction of the monumental mounds and the level of 
cultural evolution reached in the MMR would have been impossible without the availabil- 
ity of large areas of good agricultural land provided by the Grande River. Nevertheless, 
without the pre-Columbians’ drainage infrastructure, the positive water balance would 
probably have created permanent/semi-permanent wetlands, greatly reducing the area 
suitable for agriculture. Pre-Columbians drained the MMR and in doing so they increased 
the area of flood-free agricultural land. The absence of raised fields in the MMR suggests 
that the canals fulfilled the drainage function that was provided by raised fields in other 
parts of the LM. 


Conclusions 

People in the LM adopted different strategies and built different earthworks to adapt to 
different environments. Raised fields were not able to sustain a large population in the 
PFR; they just allowed agriculture in a small part of the landscape. People transformed 
the PFR on a very local scale, whilst in the MMR pre-Columbians changed the regional 
hydrology building a network of drainage and irrigation canals. The availability of flood 
free agricultural land in the PFR was four times smaller than the available land on paleo 
levees in the MMR. The comparison between PFR and MMR suggest that the level of 
social complexity reached in the different regions was influenced by the local geo-ecology. 
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The construction of a pyramid complex was the main building project of a king in the 
Old Kingdom (about 2650-2150 BCE). All pyramids were erected at the Western Desert 
escarpment within a maximum distance of about 25km opposite the former Capital of 
Memphis. 1 Due to their size and their location on the Egyptian Limestone Plateau, these 
monuments could be seen over vast distances. By means of their monuments, the socially 
distant god-kings of Ancient Egypt were always visually present. Thus, the political struc- 
ture was translated into architectural forms and mapped onto the landscape. 2 


Fig. 1 | The Pyramids of 
Dahshur are visible from a great 
distance (here 2.5km). (Photo: 
N. Alexanian). 



The vast necropolis of Dahshur is one of the large pyramid cemeteries of the Old 
and Middle Kingdom (2600-1700 BCE). The most prominent monuments are the Red 
Pyramid and the Bent Pyramid, which were erected by King Snofru, and three pyramids 
of the 12th Dynasty. The German Archaeological Institute (DAI) has been working at 
Dahshur since 1975. Since 2009, palaeoenvironmental research has been conducted by 
the Institute of Geographical Sciences of the Free University of Berlin in Cooperation 
with the DAI. 

Geomorphological and sedimentological investigations have made clear that the land¬ 
scape changed its shape fundamentally in historic times. Altogether about 80 sondages 
were conducted using an Eijkelkamp hand auger. Several excavation trenches were 
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Fig. 2 [ Pyramid field of Dahshur-South. Location of Quarries in the Vicinity of the Bent Pyramid (4th 
Dynasty, 2600 BCE) and of the Pyramid of Amenemhat III (12th Dynasty, 1900 BCE) (map source: 
topographical map Le Caire 1:5,000, sheet H 26, Quickbird Image 21/02/2008). Graphic: W. Bebermeier. 


constructed around and in the wadi to the northeast of the Bent Pyramid. The geomor- 
phology and channel geometry of the wadis were also analysed using a DGPS. 

The results made it clear that from the late Old Kingdom onwards, as much as 7m 
of alluvial and aeolian deposits covered the cultivated area and the Settlements of the so- 
called Pyramid Towns. 3 Aeolian dynamics levelled the landscape mainly in the channel 
beds and in the desert margin to the east of the escarpment scarp. For the dating of these 
events, we have until now relied on archaeological evidence provided by the dating of 
pottery. The pottery revealed during the excavation of the lower causeway of the Bent 
Pyramid showed that the sand had come into the wadi to the east of the Bent Pyramid 
during the Old Kingdom (2600-2150 BCE) already. In the middle of the 12th Dynasty 
(about 1900 BCE), more than 3m of sand accumulated and the causeway was completely 
covered. At the beginning of the Ramesside Period (about 1300 BCE), 2 additional meters 
accumulated and the present level was almost achieved. 4 

The appearance of the natural landscape at Dahshur was intensely altered by human 
impact, especially through mining. The quarries of the pyramids appear today as scarps 
and depressions. 5 The channel beds in the wadis leading to the Bent Pyramid were also 
altered by use as transport paths for building material and by fluvial erosion. 6 
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Introduction 

The Egypt Exploration Society Theban Harbours and Waterscapes Survey (THaWS) car- 
ried out their first full season of work between February and April 2012 using geophysical 
and geoarchaeological techniques to collect subsurface data. 1 The aim of the project is to 
advance our understanding of the past locations and migrations of the river Nile in the 
Theban Region over the last five millennia, and locate any basins and canals that may 
have been excavated to connect palaces and temples on the West Bank to the River Nile, 
including the enormous basin known today as Birket Habu. On the ‘East Bank’ our work 
continues to clarify interpretations of the geomorphological origins and development 
of the complex of temples at Karnak 2 as well as investigating a further possible lake, 
‘Birket el-Hubeil/Birket Luxor’ to the Southwest of Luxor city. 3 The paper will present 
the background to the work on the West Bank, the methodology, the work undertaken 
and some preliminary findings. 


Research Background 

Previous reconstructions of the Theban floodplain 4 have been based upon the modern 
river location combined with ancient textual sources as well as scenes from New Kingdom 
(c. 1550-1060 BCE) Theban tombs. However, to date there is a lack of any geoarchaeo¬ 
logical and geophysical foundation to these reconstructions. 

We know that the Festival of the Valley saw the images of Amun, Mut and Khonsu 
journey from Karnak to the West Bank to visit royal cult complexes and the necropolis on 
the West Bank in an act of reunion and reintegration between the living and the dead. 5 
Although we have a number of textual sources providing important evidence for the 
festival and many suggestions from scholars about the itinerary of this festival from the 
time of Montuhotep II (c. 2055-2004 BCE), to date there has been no investigation of the 
floodplain to locate possible canals or land routes that may have been used by this festival. 
A number of scenes depicted on the walls in the tombs of the New Kingdom (1550-1060 
BCE) elite on the West Bank show basins in front of temples and chapels, some with 
canals and often with a tribune or reception platform. This is supported by evidence of a 
number of actual extant platforms associated with temples in Egypt. 6 
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Canals of kings Thutmose I and Thutmose III from the 15th Century BCE are listed 
on the so-called Red Chapel of Hatshepsut and are thought to link their respective Memo¬ 
rial Temples on the west edge of the Nile Valley with the Nile, 7 but their existence 
remains to be verified archaeologically. 

Recent cartographic and satellite studies combined with photographic archives have 
clearly shown the dynamic nature of the River Nile in the Theban region over the last 
two centuries with the Nile migrating eastwards back towards Karnak since the late 1790s 
when Napoleon’s geographers surveyed the Nile Valley. 8 A series of enormous spoil 
heaps enclose a huge area (2.4km by 1km) known today as Birket Habu (see Fig. [T}, 
which is now under cultivation but once held a lake/basin associated with the palace 
complex of Amenhotep III at Malkata. 9 Excavations in 1971 and 1973 through the spoil 
heaps have enabled an estimate to be made of spoil for the Southern half of the basin 
of c. 5.56 million cubic metres. This equates to excavating almost 6m from the original 
floodplain surface, based upon the Southern half of the basin measuring 850m by 1100m. 
Kemp and O’Connor 10 concluded that it would be unusable for roughly six months a 
year between February and July. However, inscriptions accompanying the scenes in the 
tomb of Kheruef (TT192) documenting the events of Amenhotep III’s first and third 
jubilees show Amenhotep III and Queen Tiy being towed in the morning and evening 
barks of Ra 11 and may suggest a perennial lake based upon the coincidence of the jubilee 
in the annual cycle of the Nile. 


Survey Methodology 

We have begun to investigate the ancient landscapes, waterways and location of the River 
Nile within the Theban region using geophysical techniques, principally Electrical Resis- 
tivity Tomography (ERT), followed up by hand augering along the geophysical profiles 
in order to ground-truth the results. 

Düring past surveys in the Egyptian Nile valley we found ERT to be a very effective 
tool for detecting sub-surface features and former channels at Karnak 12 and in the Edfu 
floodplain. 13 For the ERT surveys in these seasons a Geoscan Research RM15 resistance 
meter was configured with a PA3 probe array to take readings using an expanding Wenner 
array. 14 In the 2012 season an Allied Associates Tigre 64 multi-probe System was used. All 
the data has been processed using the Res 2D Inv Software program. All the ERT profiles 
(and all other work e.g. hand augering and magnetometry) have been geo-referenced using 
a Total Station and the topographic data has been incorporated in the processing of the 
profiles. 

To complement this work we also made limited use of magnetometry to map poten¬ 
tial near-surface archaeological features in broader 2-D area survey. As magnetometry 
is limited to collecting data to only 1.5 to 2m below the surface we plan to further 
complement this with the use of Ground Penetrating Radar (GPR) in coming seasons. 

Our geophysical work was followed by geoarchaeological investigation. Locations 
were selected based upon the results of our geophysical survey data for hand augering 
in order to assess what the resistance readings corresponded to below the ground. An 
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Fig. 1 | The larger satellite image shows the location of the spoil mounds of Birket Habu on the West Bank 
with our ERT and augering located across the entrance and Karnak on the East Bank. The inset image 
shows the locations of ERT profiles in the floodplain in front of the Memorial Temple of Thutmose III (T), 
Amenhotep II (A) and Ramesses II (R) as well as the area of the Memorial temple of Amenhotep III with the 
colossal statues (C) and auger site AS35 and magnetometry area 1 (Ml) marked on the image (Background 
images ® Google Earth). 


Eijkelkamp hand-auger was used to retrieve Sediment from the floodplain to a depth of 
8m. The Sediments are recorded on-site immediately after retrieval and all Sediment is 
sieved using 2mm and 4mm mesh to recover any artefacts (e.g. ceramic and stone frag- 
ments) and non-artefacts (e.g. other stones, rhizocretions etc). 15 These small fragments of 
evidence are all studied to help date the Sediments and build up an understanding of the 
environment in which they were found. The ceramic fragments are treated as arteclasts as 
well as artefacts and their abrasion and roundedness are recorded as they can be a useful 
indicator of the conditions of transport and deposition. 16 


2012 West Bank Survey 

This season 11 ERT profiles were carried out on the West Bank (P4-P13 and P16). Res¬ 
olutions of each profile varied, with probes set at lm, 2m and 3m spacings according to 
length of the profile, the required depth, time constraints and the questions that each 
profile hope to illuminate. Lengths of ERT profiles ränge from 60m to >800m going to 
depths of 6.5m to 19.5m (on the East Bank depths up to 32m were recorded). For example, 
a short 60m profile (P6—see Fig. [l]) with probes at lm spacing taking readings to a depth 
of 10m, was placed across the line of a trench dug in recent years as part of the dewatering 
System in order to assess the readings recorded from such a feature. 

Much of our focus was in the floodplain between the Memorial Temples of Thutmose 
III and Ramesses II and also at the building work of Amenhotep III, in and in front of 
his Memorial Temple (P7, P8 and P13) and also across the entrance to his enormous 
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project of Birket Habu (P16). This reflects a mixture of planning and pragmatism given 
the generous access to floodplain path and field boundaries by farmers where we carried 
out our work. 

One of our initial findings this season was the relocation of a rectangular ‘struc- 
ture’ identified and placed on a map by Gardner Wilkinson. 17 High resistance readings 
in the area of the junction between P4 and P5 suggested an interesting anomaly and 
the curvature in the dirt road at this point was distinctive. In the Southwest corner of 
the magnetometry (Ml) a linear feature was visible. Augering (AS35) retrieved rounded 
sandstone fragments to >2m below the surface up to phi -6 in size and angular to sub- 
rounded limestone fragments in smaller quantities to >3m below the surface. These 
clasts with the matrix were contributing to the higher resistance readings seen in the 
ERT. All these findings were checked with Alban-Brice Pimpaud, who has geo-rectified 
Wilkinson’s map, showing that they fit the location with high precision, providing us 
with a degree of confidence in our methodology. 

We are currently undertaking a complete analysis of the survey and auger data and 
further results will follow. 


17 Wilkinson 
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A Near Eastern Megalithic Monument in 
Context 


Megalithic; Rujm el Hiri; Israel; Chalcolithic; landscape. 


The structure of Rujm el Hiri (Fig. [TJ is one of the largest structures in the Ancient 
Near East. It consists of a central cairn covering a possible burial chamber surrounded 
by five concentric walls. The diameter of the outer wall reaches 156m. Two gates were 
installed in the north-eastern and south-eastern segments of the outer walls. Nowadays, 
the concentric walls stand to the height of 1.5-2m while the central cairn rises up to 5m. 
Originally, the walls were at least twice as high and the whole structure was visible from 
afar. 

The complex of Rujm el Hiri was discovered in 1968 in the course of an archaeological 
survey of the Golan. 1 Later, it was also surveyed by Hartal in the course of the ‘Golan 
Survey’ in the 1990s, which considerably enriched our knowledge of the area. Shards 
dated to different periods from Chalcolithic to Modern were discovered at the site. One 
object discovered in 1980 should be especially mentioned: while visiting the site, Epstein, 
escorted by Moshe Lufan and Elaine Nissen, discovered a basalt pillar figure. 2 This figure 
is one of the clearest landmarks of the Chalcolithic Culture in the Golan area. 

Rujm el Hiri was excavated by Mizrachi in the years 1988-1991. 3 He excavated in five 
different areas: the central chamber, areas in the eastern, Western and Southern segments 
of the monument, and the north-eastern gate. Mizrachi reported shards dating to the 
Chalcolithic, Early Bronze II, Late Bronze and later periods. While only a few shards 
were found in most areas, clear evidence for a Late Bronze I burial was found in the 
central chamber. This included pottery, weapons and jewelry. Evidence for usage of the 
site for domestic purposes during the Late Bronze period was found only in the limited 
area west of the cairn. Our survey, which was followed by extensive excavations on behalf 
of the Hebrew University of Jerusalem, has been conducted since 2006. A total area of 
more than 400m 2 has been excavated in three different areas since 2007. Two areas are 
located in the eastern and northern segments of the complex and one more is located in 
the open field west of the complex. 

Three main theories regarding the date of the site were proposed: 

• Mizrachi himself dated the concentric walls to the EBII period based on the few 
shards found in the excavated gate and the central cairn was dated to the LB period. 

• Kochavi dated the whole complex to the Early Bronze period. He defined the LB 
burial as secondary use. 4 
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Fig. 1 [ The aerial view of Rujm el Fliri (Photo: Abraham Graicer). 


• Hartal dated the whole complex to the Late Bronze period, mainly based on simi- 
larities with burials or ritual structures dated to this period. 5 

Such a wide ränge of opinions regarding the date of the site after four years of exten¬ 
sive excavations clearly shows that data collected at the site is not sufficient to accomplish 
this task. For example, dating of this immense complex to the EBII period is based on a 
single indicative shard 6 collected in the most disturbed area of the site, namely the gate. 

When regulär tools, such as stratigraphy and analysis of the pottery collected at the 
site, are not sufficient to establish the chronology of the site, different means are neces- 
sary. 

The overall mass of stones used for building Rujm Hiri is more than 40.000 tons. 
The transportation and building of the above mentioned would have required more than 
25.000 working days. People who conducted the construction works had to be fed and 
provided with tools and accommodation. In other words, such a monument could be 
erected only by having a very strong rear base in the area nearby. It is theoretically 
possible that the monument could be erected over the course of a number of generations, 
similar to architectural activities at the Mississippian sites like Cahokia. 7 However, it is 
hard to believe that the relatively complicated design of Rujm el Hiri could be transferred 
from generation to generation by people without literacy and solid social stratification. 
Moreover, it is logical to presume that such a monument was central in the life of these 
people after it was erected, and we would expect activities around it after the erection 
was accomplished. Thus, the answers to our questions should lie outside the complex. It 
is vital to understand the change in patterns of Settlement network in this area in order 
to understand the logic of Rujm el Hiri. The following analysis is based on the surveys 
conducted in this area, and especially on the ‘Golan Survey.’ The precision of this survey 
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is high, and even if new sites will be discovered in the future, they will not change the 
main picture considerably. Settlement patterns of the relevant periods (Chalcolithic to 
Late Bronze) were analyzed in the area of 10 x 10km around the site of Rujm el Hiri. 

Late Bronze. The discussed area was virtually empty of Settlements. The only one 
settlement is located inside the Rujm el Hiri itself. However, it was very small and could 
not contain more than a single family. Moreover, it was built between the walls of the 
already existing structure, and thus cannot be related to the building stage. 

Middle Bronze. Only three small sites dated to different stages of the Middle Bronze 
period were found in the discussed area. As the central cairn of Rujm Hiri is actually a 
huge dolmen structure, this fact is even more significant, for the dolmens in this area are 
usually dated to the MBI period. 

Early Bronze. Five large sites are located in the discussed area. Some of them are 
fortified, 8 and altogether their population probably numbered several hundred people. 
However, most of the large sites are located at a distance of more than 5km, which is 
more than two hours walk from the monument, except for Sha’abaniyeh, which is located 
only 2km from the complex. The closest site was too far away to be the basecamp for the 
builders of the complex, the location of Rujm el Hiri is far from being central in the Early 
Bronze settlement pattern, which would be logical for such a monument. 

Chalcolithic. The picture is very different during this period. 47 sites of different sizes 
were discovered in the discussed area alone. This number is especially striking compared 
to the total amount of 25 Chalcolithic sites across the whole Golan area known prior 
to the ‘Golan Survey’. 9 The size of the sites varies from a single discovered house to the 
huge sites containing dozens of large houses. The picture is even more striking in the 
immediate vicinity of Rujm el Hiri. Even Epstein’s earlier surveys showed an unusual 
concentration of sites in Rujm el Hiri’s area. 10 The Golan survey shows that three large 
sites are located in the immediate vicinity of the complex at a distance of no more than 
300m. In fact, these three sites constitute a single huge settlement in the form of a rough 
horseshoe with Rujm el Hiri located in its center. Interestingly, the area inside this circle 
is totally empty of Chalcolithic data, as if it was some kind of ‘taboo’ zone. 11 


Conclusion 

The map clearly shows that only in the course of the Chalcolithic period two main terms 
exist: 

1) Settlement network around the spot of Rujm el Hiri could give enough manpower 
for the erection of this immense structure and provide enough resources to accomplish 
this task. 

2) The location of the site is central enough in the context of this settlement pattern to 
assume the special importance of the spot before the erection of this monument. Indeed, 
later excavations in area C outside the complex revealed another similar circular structure 
which was dismantled prior to the building of Rujm el Hiri, clearly pointing to the long 
tradition of the sanctity of this place long before Rujm el Hiri was erected. 

The immediate surroundings of Rujm el Hiri show that different elements of the land- 
scape were related to each other. Domestic buildings and the burial chambers of their 
inhabitants acted as different organs of the same organism, at the heart of which was 
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located the ritual complex of Rujm el Hiri. The landscape theory was lately strengthened 
by OSL analysis of the soil probes collected inside the central chamber of Rujm el Hiri. 
The earliest of them (which provides the TPQ to the latest possible date of erection) is 
5580 BP ±280, which perfectly fits to the last phase of the Chalcolithic period. 

Thus, all these elements are logically connected and are well embedded in the local 
landscape as parts of the same pattern. In fact they are the landscape with Rujm being its 
central and most important element. However, the complex of Rujm Hiri did not lose 
its importance during later periods. It was known to people and used by them from the 
Early Bronze age until historical periods as a ritual site. It is not clear whether the ritual 
significance of this site was dictated by cultural continuity or by the monumentality of the 
architecture itself. In any case, the complex was probably embedded into the local ritual 
paradigm by newcomers according to their needs and beliefs. The task of understanding 
these paradigms is much more complicated than dating the initial phase of the monument 
and (if possible at all) still waits to be done. 
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The Elaborated Ancient Water Supply System 
of Resafa. Risk and Uncertainty of Water 
Harvesting in the Syrian Desert Steppe 


Hydrological modeling; geoarchaeology; HEC-HMS; CAESAR-lisflood; palaeorainfall; 
SPI. 


Introduction 

Resafa (Rusafa, Ar-Rasafeh, Sergiopolis), initially a fortified Roman military post in the 
Syrian steppe, has been a Christian pilgrimage site and was the residence of the Um- 
mayyad Caliph Hisham ihn ‘abd al-Malik. Nowadays, the well-preserved city walls, ru- 
ined churches and large cisterns attest to Resafas former religious, political and economic 
importance that lasted from the Ist to the 13th Century AD. The city is located ~ 25km 
to the south of the Euphrates at the confluence of various wadi Systems that drain the 
surrounding undulating desert steppe (Fig. Tä}. Because perennial water sources are absent 
and the groundwater is brackish here, the drinking water supply of the city had to rely on 
the collection and storage of water from rainfall and runoff events. This was conducted 
by applying two water-harvesting techniques: (I) rooftop harvesting and storage in bottle- 
shaped cisterns, and (II) floodwater harvesting and storage in large subsurface cisterns. 
From previous excavations it is known that the floodwater-harvesting System consisted 
of a ~ 450m long earthen dam that blocked parts of the wide alluvial plain to the west of 
the city wall (Fig. [Tb}. In the case of a runoff event, the dam retained the floodwater and, 
in consequence, a temporal water reservoir built up. Connected to this reservoir was a 
channel that conveyed the water via an opening in the city wall into the cisterns (Fig. lb . 


Besides these excavated structures, aerial photos from the beginning of the 20th Century 
suggest that additional structures such as dikes and retaining walls along the wadi course 
were built to control the floods. Nevertheless, alluviation, modern road constructions 
and earthworks for irrigation and farming hamper a ground truthing of the aerial photos, 
and recent excavations could only reveal parts of the assumed structures. Moreover, little 
is known about the climatic and hydrological conditions that prevailed in this region. At 
present, estimates of the amounts of water which could potentially have been harvested 
are rather vague. 1 Resafa is situated in a region where the rainfall regime is characterized 
by strong inter-annual and decadal fluctuations in annual rainfall amounts, and droughts 
are a common feature. As the drinking water supply of Resafa relied largely on rain, the 
city was directly affected by these fluctuations. 

Thus the major aims of this study are to: 

• Estimate climate variability in the region during the past 2000 years based on liter- 
ature and climate modeling. 

• Characterize the rainfall regime with the emphasis on inter-annual variability and 
the magnitude-frequency of rainfall events. 


The analysis and results of the climate model was done and provided by Janina Körper (FU Berlin). 


1 Brinker 1991 Berking, Beckers, and Schütt 
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• Evaluate the rainfall-runoff characteristics of the region applying a rainfall-runoff 
model 

• Evaluate the effect of hypothetical hydraulic structures applying a parsimonious 2D 
hydraulic model. 


Methods 

To estimate whether the climate changed in the region during the past 2000 years, we 
applied the climate model ECHAM5 2 with a resolution of 1° x 1°. It was run for selected 
time slices (2000 BP, 1000 BP, pre-industrial and present climate). 


2 Roeckner et al. 
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Fig. 2 | 3D sketch of the 2D hydraulic modeling result. The hydrograph input location is the outlet of the 
sub-catchment in Fig.[lä 


lb 


The characterization of the rainfall regime is based on the Famine Early Warning 
System ARC2 dataset with a temporal resolution of one day and a spatial resolution of 
0.1°x0.1°, covering the period 1983 to present. The dataset is generated using a combi- 
nation of satellite rainfall estimates and gauge measurements. 

To estimate hydrographs and the rainfall runoff character of the region, the rainfall 
runoff model HEC-HMS was applied. The physical characteristics of the catchment were 
parameterized by curve numbers and HEC-GeoHMS. The daily rainfall amounts were 
converted to hypothetical storms using the SCS synthetic rainfall distribution type II 
which is typical for drylands. 3 To validate the computed hydrographs, generated peak 
discharge values were used as an input into a ID hydraulic model (HEC-RAS) and tested 
against peak stage estimates obtained from cross-channel measurements in the major 
contributing wadi. 

The obtained hydrographs were used as an input in a 2D hydraulic model (Lisflood 
implemented in the CAESAR-Lisflood Software). The major purpose of the application 
of the model in this study was to route the floods along the alluvial plain in the vicinity 
of Resafa. The model was run under two scenarios: (I) the current topographic Situation 
represented by a high resolution digital elevation model (DEM) with a vertical resolution 
of one meter and a horizontal of 5m, and (II) with a DEM that includes proposed hy¬ 
draulic structures which were based on the photographs from the early 20th Century and 
Undings from recent excavations. 


Preliminary Results and Conclusion 

The climate model confirms previous proxy-based and climate-modeling results, which 
showed that the climate over the past 2000 years in the Eastern Mediterranean was in 
general similar to today’s. The present day rainfall data can therefore be assumed to be 
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representative for the rainfall regime of Resafa during its heydays. The analysis of the 
rainfall data is ongoing and will be presented in a forthcoming publication. 

The rainfall-runoff model obtained reasonable results. The runoff coefficient varied 
between 0.04 and 0.2; values which are typical for semi-arid catchments. 4 Moreover, the 
water level calculated with HEC-RAS and the hydrographs of the rainfall-runoff model 
met with peak stage estimates measured in the field. 

The 2D hydraulic model shows that, under current conditions, the floods flow past 
the dam along the moat that surrounds the city (Fig. [2j. It is therefore likely that addi¬ 
tional hydraulic structures existed. These are currently implemented in the DEM and will 
be presented with the results from the rainfall analysis. 

The preliminary results are promising and show that our approach is suitable for 
gaining further insight into the water supply System of Resafa. 


4 Lesschen, Schoorl, and Cammeraat 


2009 



The Elaborated Ancient Water Supply System of Resafa 


153 


Bibliography 

Awadallah and Younan 2012 

A. G. Awadallah and N. S. Younan. “Conservative Design Rainfall Distribution for 
Application in Arid Regions with Sparse Data”. Journal of Arid Environments 79 
(2012), 66-75. 

Berking, Beckers, and Schütt 2010 

J. Berking, B. Beckers, and B. Schütt. “Runoff in Two Semi-Arid Watersheds in a 
Geoarcheological Context. A Case Study of Naga, Sudan, and Resafa, Syria”. Geoar- 
chaeology 25 (2010), 815-836. 

Brinker 1991 

W. Brinker. “Zur Wasserversorgung von Resafa-Sergiupolis”. Damaszener Mitteilun¬ 
gen 5 (1991), 119-146. 

Lesschen, Schoorl, and Cammeraat 2009 

J. R Lesschen, J. M. Schoorl, and L. H. Cammeraat. “Modelling Runoff and Erosion 
for a Semi-arid Catchment Using a Multi-scale Approach Based on Hydrological 
Connectivity”. Geomorphology 109 (2009), 174-183. 

Roeckner et al. 2003 

E. Roeckner et al. The Atmospheric General CirculationModelECHAM5. Parti. Model 
description. MPI Report 349. Hamburg: Max Planck Institut für Meteorologie, 2003. 


Brian Beckers (corresponding author), Freie Universität Berlin, Department of Earth 
Sciences, Malteserstr. 74-100, 12249 Berlin, Germany, b.beckers@posteo.de 


Jonas Berking, Freie Universität Berlin, Department of Earth Sciences, Malteserstr. 74- 
100, 12249 Berlin, Germany 


Brigitta Schütt, Freie Universität Berlin, Department of Earth Sciences, Malteserstr. 74- 
100, 12249 Berlin, Germany 



Journal for Ancient Studies 


eTopoi 

Special Volume 3 (2012), pp. 155-159 


Marjolein T.I.J. Bouman - Kirsten van Kappel - Linda P. 
Verniers 

Location, Location, Location: the Construction and 
Preservation of Roman Burial Mounds in the Dutch 
River Delta 


in Wiebke Bebermeier - Robert Hebenstreit - Elke Kaiser - Jan Krause (eds.), Landscape 
Archaeology. Proceedings of the International Conference Held in Berlin, 6th - 8th June 2012 


Edited by Gerd Graßhoff and Michael Meyer, 
Excellence Cluster Topoi, Berlin 

eTopoi ISSN 2192-2608 
http://journal.topoi.org 


Except where otherwise noted, 
content is licensed under a Creative Commons 
Attribution 3.0 License: 
http://creativecommons.Org/licenses/by/3.0 




Marjolein T.I.J. Bouman - Kirsten van Kappel - Linda P. Verniers 

Location, Location, Location: the Construction 
and Preservation of Roman Burial Mounds in 
the Dutch River Delta 


Roman period; burial mounds; river delta; The Netherlands; palynology; micromorphol- 
ogy; construction; preservation. 


Introduction 

Düring an excavation in the Holocene Rhine river delta (The Netherlands), six largely 
intact Roman burial mounds dating from the 2nd and 3rd Century AD were found. 1 Such 
a discovery is a unique find for The Netherlands. Why were these mounds built at this lo- 
cation and why have these mounds been preserved? These questions have been answered 
using an interdisciplinary approach. This study included field observations, micromor- 
phological analyses, grain-size measurements, AMS 14 C-dating and a palynological study. 
By combining the results of these studies, we were able to make a reconstruction of the 
palaeo-landscape and the environmental changes that occurred through time. 


Site Description: Soil Profiles and Burial Mounds 

The site is located on the Over-Oudland fossil channel beit which was active from the 
Neolithic tili the Bronze Age. A residual channel from this channel beit was found on the 
site. A palaeo A-horizon had formed in the upper sandy and silty overbank deposits from 
this channel beit. The burial mounds were built on top of this palaeosol. Lithologically, 
the burial mounds were difficult to discern from the surrounding soil. 

The palaeo A-horizon and burial mounds are covered by a 20-cm-thick bluish clay 
deposit. The presence of this clay layer was vital for discerning and recognising the burial 
mounds because it was draped over the former terrain surface—including the burial 
mounds—thereby conserving the original topography in the subsurface. As a result, it 
was possible to discern the shape and form of the burial mounds by following the bluish 
clay layer (Fig. [l]). A second palaeo A-horizon had formed in the upper part of the blue 
clay layer. This palaeosol is also overlain by a sandy to silty clay deposit of approximately 
1 meter thickness. Modern soil has developed on the top of these sandy and silty clays. 

The burial mounds are approximately 40 to 50cm high. Of the six burial mounds, 
three were circular and two were square. Three of the burial mounds were surrounded by 
a ditch and one, a square mound, was surrounded by an earthen wall. The burial mounds 
were probably built by people who lived in a nearby Settlement, the remains of which 
were found in an earlier research project, located 200 meters to the Southwest of the site. 
The remains of cremations were found in the top of four burial mounds. In two mounds, 
these remains also included pottery which had been added to the grave as a burial gift. 
On the basis of the pottery remains, the burial mounds could be dated to the 2nd and 3rd 
Century AD. 


1 Verniers 


2012 
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Fig. 1 | Profile of one of the 
excavated burial mounds. 


Methods 

Micromorphological analyses were conducted on samples taken from the top, the flank, 
the surrounding ditch and the surrounding earthen wall of one burial mound. Also the 
sedimentary characteristics of a natural, undisturbed soil profile were studied. Samples for 
grain size analyses were taken from all burial mounds and from different locations within 
a natural soil profile. The organic fill of the nearby residual channel provided material for 
a palynological study and material for AMS 14 C-dating. All the samples were processed 
and analysed using the Standard method. 


Results 

The palynological record from the nearby residual channel gives us the Vegetation devel¬ 
opment from the Early Iron Age (810-515 BC) 2 to the Early Roman Age (73-227 AD) 3 . 
In the Iron Age, patches of deciduous forest with oak and hazel are present in the area. 
In the surrounding area, cereals and other crops were grown. In the Early Roman period 
the landscape opened up as the cultivation of cereals expanded along with an increase in 
the area of fallow land. This increase in fallow land coincides with a decrease in grassland 
and can probably be related to land Clearings for the construction of the burial mounds. 
Meanwhile, the water depth in the residual channel decreased from 150cm to 50-100cm in 
the Roman period. A dense Vegetation cover in the channel and immediate surroundings 
limited access to the water. 

The burial mounds were built on top of a palaeo A-horizon. Düring the micromor¬ 
phological analyses, little to no evidence was found regarding preparations of this soil 
prior to mound building. An increase in charcoal particles on the boundary between the 
palaeo A-horizon and the burial mound could suggest the use of fire to clear the area prior 
to building. 

Micromorphological analyses suggest that the burial mounds were constructed using 
local materials. The Sediment used to construct the mounds shows the same lithological 
characteristics as the Sediment taken from the natural soil profiles. Grain size analyses 
showed that all mounds were constructed of very silty clay. Because the mounds con- 
sisted of a uniform Sediment matrix, it is likely that they had been built in one phase. 
Volumetrie calculations indicated that the material removed from the surrounding ditches 


2 2560 ± 45; KIA-43210. 

3 1870 ± 30 BP; Poz-41826. 
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Fig. 2 | Impression of the landscape in the Late Roman period: drawing by L. van der Feijst. 


alone could not account for the volume of clay needed to raise the mounds. Additional 
clay was therefore needed to construct the mounds. An area was found on the site where 
the natural soil had been disturbed without the presence of a mound. It is therefore 
proposed that this area was used as a source for the material used for building the burial 
mounds. 

It was found that the site did not experience large-scale erosion or degradation. This 
is evidenced by the micromorphological research which revealed that the top of the 
burial mounds were virtually undisturbed. Furthermore, limited soil formation on the 
top of the burial mounds suggests that the mounds have been exposed for just a short 
period of time favouring preservation. However, grain size measurements suggest that 
minor disturbances of the burial mounds did occur, probably caused by wind and water 
movements. The sedimentary characteristics of a thin ‘transitional’ layer on top of the 
mounds showed similarities to the Sediment from the burial mounds as well as to the 
clay layer deposited on top of the burial mounds. This layer is therefore interpreted as a 
mixing layer created by erosion and redeposition of water-saturated Sediment. 

We believe that the burial mounds were inundated by a flood. However, this flood 
did not have a significant erosional impact in the immediate surroundings of the burial 
mounds. The clayey deposit on top of the burial mounds had a very low sand and silt 
content. This Sediment type is associated with low-energy environments (low-velocity 
water flow or Standing water), which explains the minimal erosion found in the micro¬ 
morphological record. Based on the age of the burial mounds, the Start of activity of the 
nearby Hollandse IJssel River and minimum soil formation, the flooding of the burial 
mounds and deposition of the 20-cm-thick bluish clay layer should have taken place in 
the Late Roman period. 

The flooding and deposition of the Late Roman clay layer has not only preserved 
these mounds but also given us a vital guide in finding and recognising the burial mounds. 
The burial mounds were further buried during the Middle Ages which helped conserve 
the mounds even more. 
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Conclusions 

Based on the analyses of the different proxies, we conclude that: 

1. the Late Roman burial mounds were constructed on former pastures near a water 
source (residual channel). The mounds were built on top of a palaeo A-horizon 
which was not prepared; 

2. the mounds were constructed using local materials and were not built only using 
the material from the surrounding ditches; 

3. the top of the burial mounds had been reworked but no large-scale erosion or 
degradation had taken place; 

4. subsequent flooding and deposition of clay favoured preservation of the mounds. 

An impression of the landscape in the Late Roman period with the burial mounds is 
shown in Fig. [ 5 ] 
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Introduction 

The ‘classic’ henge monuments of the British Isles (circular earthworks with a bank, 
internal ditch and either one or two entrances) still represent a rather enigmatic collec- 
tive of mega structures that appear to largely date from around the middle of the 3rd 
millennium BC. That they both individually and collectively represent a society that was 
centralised, possibly around chiefly elites 1 is highly likely. However, when we come to 
consider the original function of such monuments we have to be more circumspect and 
proceed on a case by case basis. Most commentators today acknowledge the view that such 
structures were conceived as ‘ritual’ centres within a likely complex social and religious 
Order of the time, although evidential detail is for the most part lacking. Interpretation is 
consequentially largely inferred, attributable more to the lack of Settlement proxies in the 
archaeological record rather than any definitive or specific evidence for ‘ritual’ activity. 

To gain a better understanding of such monuments, it has been necessary for archae- 
ologists to look more closely at the wider landscape settings in which they sit, and several 
studies have drawn in associated monuments as well as natural landscape features. 2 All of 
which tend to re-affirm the interpretations of henges as focal centres for ‘ritual’ activity 
that hint towards landscapes that are well defined and part of the extant societies evolving 
cosmological order no doubt reflective of the evolving localised belief Systems of the time. 

A number of such ‘ritual landscapes’ in the British Isles have been examined in recent 
years; most notably the landscape of Stonehenge. 3 Amongst the many research threads 
identified in such studies there is the frequent presence of apparently associated funerary 
monuments in such landscapes, dominated by the earthen round barrow. Around Stone¬ 
henge alone, the quantity of such barrows is quite staggering with a 1970 estimate of 25 
barrows per square mile based upon the 12 square miles surrounding Stonehenge itself. 4 

The presence of such large numbers of funerary monuments in close proximity clearly 
establishes a link with the monument at Stonehenge itself but what is less well understood 
is the ‘nature’ or meaning behind the linkage and perhaps more importantly how this 
developed over time. Such a factor attracts greater significance when one considers the 
length of time that may have evolved between the construction of the first round barrow 
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and the last. Given the possibility of round barrows having been constructed as early 
as 2500 BC and as late as 1500 BC, it would be surprising if the rationale behind the 
initial deposit and all that it meant or inferred about society and its belief Systems did 
not substantially change by the end of the sequence. Certainly the landscape that was 
extant in the post Bronze Age period around the Stonehenge landscape was a ‘developed’ 
landscape reflecting a ritual dynamic that may have been substantially different in concept 
and meaning than the one intended by the builders of the first barrows perhaps a thousand 
years later. It is equally possible that the purpose and Utility of the stone and earthwork 
monument at the heart of this landscape was conceptually changed when it was adopted 
by the first barrow builders. 


Case Study: Knowlton Henge Complex and the Barrow Groups 
of the Allen Valley 

The Knowlton Henge complex is one of a relatively small but important group of major 
henge monuments that occupies the Wessex chalklands of Southern England (group also 
includes: Avebury, Marden, Durrington Walls, Stonehenge and Mount Pleasant). Located 
in the east of the county of Dorset the complex lies in an area known as Cranborne Chase 
which contains one of the densest concentrations of Neolithic and Bronze earthworks in 
north-western Europe. Although the Cranborne Chase area has been extensively studied 
in recent years 5 the henge complex at Knowlton and the river valley within which it 
resides has only recently attracted any significant archaeological investigation. 

Knowlton is relatively unusual as it comprises a number of large circular enclosures in 
close proximity to each other. Two are certainly henges in a ‘classic’ sense (the Southern 
and central enclosures), the third (the northern) is less well understood but appears to 
have an internal ditch and until further investigated can be similarly classified. 6 All three 
enclosures occupy a low spur of land on the gently sloping eastern side of the Allen Valley 
relatively close to the River Allen’s source at Wimborne St Giles. 

Only the Southern henge has been subjected to any intrusive examination and a small 
trench excavated through its bank and ditch in 1994 revealed a deep enclosure ditch 
(5.1m in depth) with a barely surviving external bank. The excavations produced no 
evidence to indicate Settlement activity, but a radio carbon determination provided a date 
of 2570-2190 BC (3890T60 BP: Beta 141096) from a primary fill of the henge ditch. 

Surrounding the three henge monuments are the remains of extensive barrow ceme- 
teries, now unfortunately largely erased by years of agricultural attrition, but a Pro¬ 
gramme of aerial photographic transposition by the Aerial Photographie section of the 
Royal Commission in 2000 revealed a dense concentration of ring ditches and round 
mounds (178) within a 1.5km radius of the central henge. The concentration of funerary 
monuments comprises at least three basic clusters lying at the centre, to the north and to 
the south of the henge complex and are clearly directly articulated to it. 

However, when we look further afield for the presence of additional funerary monu¬ 
ments within the Allen valley we see that they are largely restricted to groupings along the 
river valley to the south-west (Fig. [l]) with two defined concentrations at Horton Inn and 
High Lea Farm. Both concentrations are similarly badly damaged by agricultural attrition 
and the known population of monuments is certainly significantly less than would have 
been originally constructed. Both of these barrow groupings appear to largely occupy the 
eastern bank of the river which seems to be a deliberate act, maintained throughout the 
‘life’ of each cemetery. Clearly the river was not only a physical artery coursing through 
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Fig. 1 | The distribution of 
Round Barrows in the Allen 
Valley (and surrounding area), 
Dorset, UK (based upon data 
drawn from the National 
Monument Record archive). 
N.B. The single dot at Horton 
Inn does not faithfully represent 
the total population of barrows 
(ring-ditches) which have yet to 
be transcribed. There are at least 
7 ring ditches within the group 
and probably more. 



the landscape but was also a demarcation boundary restricting the deposition of the dead 
in this case to one side only. It is tempting to view the east bank of the river valley and 
the henge complex as a domain of the ancestors, a defined area not unlike in part (and in 
concept at least) that suggested by Parker Pearson 7 for Stonehenge. The river itself may 
of course have acted as a conduit where the dead were transported from a domain of the 
living but it is open to speculation as to where such a place might have been. 

Fieldwork within the Allen Valley has in recent years been conducted at the southern- 
most barrow group—High Lea Farm. 8 A programme of field survey and excavation at this 
little known grouping of barrows and ring-ditches has started to reveal some interesting 
features that throw some new light about the complexities of choice facing Late Neolithic 
and Early Bronze Age societies in dealing with their newly dead which are briefly outlined 
below. A combination of aerial photographic transcription and geophysical prospection 
undertaken between 2003-2006 revealed an astonishing concentration of ring ditches 
including both clustered and linear groupings with the majority associated with an easily 
identified ‘founder barrow’ at the heart of the group (Fig.[2j. 

The most complete barrow of those excavated, revealed a complex burial rite with 
a pre-barrow mortuary enclosure and primary burial in a rectangular pit that aligned 
perfectly with the axis of its corresponding linear alignment. This re-enforcement of 
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Fig. 2 | High Lea Farm Barrow 
Group, Allen Valley, Dorset, 
UK. Data transcribed from 
geophysical data plots. The 
‘founder barrow’ is that defined 
by the double concentric 
ditched ring ditch towards the 
centre of the figure drawing. 


the alignment surely emphasises its significance and importance particularly as it also 
aligned with the likely entrance to the mortuary enclosure—but in this case pointing 
back towards the founder barrow to the south-west. 

Perhaps the most beguiling of the factors concerning choice of location revealed by 
the fieldwork concerns the individual locations of the barrow groupings. At every loca¬ 
tion (High Lea Farm, Horton Inn, Knowlton South, Knowlton Central and Knowlton 
North) the barrows/ring ditches are located in close proximity to Dolines (sinkholes). 
Indeed the Henge complex itself is located close to Dolines. Whilst the Dolines are rarely 
visible at ground surface today (where the topography has been smoothed by the passage 
of time and aggressive agricultural activity), it is likely that they would have been visible 
in the 3rd millennia BC. Elsewhere in Dorset the co-location of Barrows with Dolines has 
been previously noted by Tilley 9 and others. 10 That the Dolines might have been viewed 
by Contemporary Bronze Age society as conduits to a chthonic other world where the 
close placing of the dead at such places might have eased their transition between such 
States is a tempting interpretation. In such circumstances it is also likely that the location 
would have continued to be utilised by the living as contact points to the ancestors in 
a cosmological order that rationalised the circle of life and death and allowed for the 
subsequent observance of necessary rituals. 
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In conclusion it is clear that the choices faced by society as to the place of burial for its 
significant dead during the period 2500 BC-1500 BC involved an adherence to a tradition 
which incorporated the natural and cultural features of a landscape but would have also 
been subject to adaption and development over the centuries in which it continued in use. 
Such mega structures as Late Neolithic henges were chosen as foci for burial, but only as 
part of a complex and developing set of associated social and religious beliefs. 
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Introduction 

The term landscape is used by a diversity of scientific disciplines maintaining different 
concepts and definitions. What is meant by “total character of an area of the Earth” as 
the explanation of landscape by Alexander von Humboldt? 1 In palaeo-environmental 
research encompassing a wide ränge of disciplines, landscape is a crucial term. With in- 
creasing interdisciplinary research Cooperation between dissimilar disciplines, a basis for 
communication must be established. This includes an awareness of the differences of 
understanding while using the same word. 

The aim of this paper is to survey an assortment of concepts and understandings of 
landscape and to explore the possibilities of a common concept in an interdisciplinary 
palaeo-environmental research field, shared by scholars from the humanities and natural 
Sciences alike. Our overall concept of landscape is aimed at a “dynamic space of social, cul- 
tural, and ecological significance, which develops interactively with the human societies 
occupying it.” 2 The formulation of various facets of landscape might serve for a better 
mutual understanding. 


Etymology 

According to OED, landscape is derived from the Dutch landschap as technical term for 
painters. The polysemous word landscape allows at least two readings in the English 
language: either the view or prospect of natural inland scenery, or its painted or drawn 
representation within a picture or portrait. Both can be used in a generalized sense and ex- 
tended in various figurative meanings showing a tendency in either direction: it is meant 
as the view or prospect of something, object of one’s gaze, sketch of a faint representation, 
bird’s eye view, or depiction of something, whether visualized or verbalized. 

The combining form -scape denotes as well a view or picture of a specific type de- 
termined by the first element. Landscape seems to be the comprehensive term for several 
co-occurrent derivative forms. 3 Other languages have similar notions, such as the German 
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“A. v. Humboldt umschrieb unter dem Eindruck seiner Forsch [ungjsreisen Landschaft] als ‘To¬ 
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Landschaft , Dutch landschapf Spanish paisaje, French paysage , 5 and Italien paesaggio. The 
approach of this paper will be to maintain no linguistic, but disciplinary viewpoints with 
the aim of creating a combined notion of landscape. 


Landscape within Disciplinary Contexts 

The following chapters describe the term landscape from disciplinary viewpoints and are 
written by a specialist from the particular field. They mainly focus on three issues. The 
term landscape is set within its hierarchy of technical terms from the respective discipline. 
Several parameters are named by which landscape can be described. And the significance 
of human influence is given in order to show its integration within the concept of land¬ 
scape. 

Art History 

Various disciplines Support the view that reality is composed not only linguistically, 
but also visually from time immemorial. The world is the image of the world. 6 Art 
history often deals with images of something. The reason is that most recent and historic 
pictures are objective and have a reference to reality, whether being artistic compositions 
or not. Landscape images are representations of landscapes, e.g. as drawing, painting, or 
photography. Representation means that the impression or illusion of a landscape evolves 
in the mind of the observer, although it should be clear that it is a two-dimensional object 
made of some colored stains. Surprisingly, the relation to reality is merely a secondary 
level of meaning, whether it is an image of a real or fictitious landscape. 7 The real object 8 
is only important in a second instance; more important is its perception as demonstrated 
within images. 

In contrast to a natural scientific, materialistic approach most art historians implicitly 
assume that landscape is something to be looked at. Landscape does not exist on its own, 
but rather needs a perceiving subject. Landscape comes into being through a constructive 
act, and only in the imagination of an observer. This does not mean that there is no 
physical foundation for landscape. But the notion of a distinct and conceptualized “some¬ 
thing” evolves in the imagination, and structures and elements within an environment are 
likewise perceived as coherent (and interdependent), so that it is called a landscape being 
distinguishable from other landscapes. The criteria for coherence and distinctive features 
can be quite different, e.g. the same geographic area can be called “periglacial plain” or 
“romantic heath.” 9 

Art history deals with a two-fold act of construction: the dichotomy of “perceiv¬ 
ing subject—landscape” equals the dichotomy of “perceiving subject—landscape image.” 
Several landscape paintings and pictures make this visible by showing obviously contem- 
plative people Standing with their back to the observer, similar to landscape paintings 
by C.D. Friedrich. These paradigms are rarely picked out as a central theme within 
reference literature concerning landscape paintings. Most contributions do not ask what 
landscape is, but begin with the image itself, even though there are counter-examples. 
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Implicitly, however, it becomes clear that the dichotomy between observer and landscape 
is constitutive, not only for art historic reflections, but also relevant beyond disciplinary 
boundaries. It is a fundamental principle for recent scientific thinking. 


Classical Archaeology 

Landscape Archaeology is a sub-discipline of Archaeology, and at the same time a supra- 
discipline that bridges Archaeology to a number of related fields, embedding it in a wider 
scientific context. 

Landscape-related research (in traditional German Classical Archaeology) rarely used 
to discuss theoretical concepts of landscape. The respective scholars might either take for 
granted that author and reader share a common concept of landscape, so that there is no 
need for a discussion, or the way in which landscape is regarded manifests itself by research 
results, so that it should be self-evident. 

In earlier stages of the development of Classical Archaeology as a discipline, Ancient 
Art was at the centre of attention. Landscape was perceived as the backdrop or setting, 
whose characteristics would have shaped the mindset of its inhabitants and therefore 
the artist’s expression. In German, the term Kunstlandschaft was coined in particular 
in respect to Greek art. Seen from an historical perspective, landscape and Settlement 
archaeological questions played an important role already in earlier days of research in 
the late 19th Century, lost importance from the 1920s onwards and were revived in recent 
times. In most cases, landscape is perceived and studied as cultural landscape. It is the result 
of human action and forms a contrast to towns, which were crucial for the town-based 
societies of Greek and Roman antiquity. It can be observed that interdisciplinarity was 
at the heart of the discipline since its formation. In an earlier stage of its development, 
landscape was understood mainly as natural environment from the 1960s onwards, while 
aspects of social and cultural history became increasingly important from the 1990s. Since 
then, the perception of space and spatial Organization has played a more significant role. 10 


Prehistoric Archaeology 

The concept of landscape in prehistoric archaeology is closely connected with the term 
cultural landscape. It focuses on the relationship of past peoples with environments. Ac- 
cording to B. Bender “landscapes are created by people—through their experience and 
engagement with the world around them [... ] The landscape is never inert, people engage 
with it, appropriate and contest it. It is part of the way in which identities are created and 
disputed.” 11 

In Germany, the very beginning of landscape archaeology is linked to R. Virchow 
who started an inventory of monuments at the end of the 19th Century 12 resulting in 
the creation of the research field Siedlungsarchäologie (settlement archaeology). This pro- 
cess led to the establishment of the subject of “Prehistory” while regarding the gene- 
sis and development of Siedlungsräume (settlement space) of certain groups. 13 C. En¬ 
gel already used the term settlement archaeology in combination with nature and human, 
questions about ecological condition arose in addition to this. 14 Researchers left behind 
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the ideologically influenced notion of the term after the Second World War. H.J. Eggers 
tried to Start a discussion with a new journal which focused on the central method 
(cartography) of Settlement archaeology . 15 H. Jankuhn concentrated on the research of 
Settlement activities in connection with Settlement history. Settlement history is closely 
connected to Settlement archaeology, but geography, history of Vegetation, subsistence 
strategy and questions of social matters are also parts of it . 16 W. Janssen’s approach cen- 
tered on interdisciplinarity. Methods and questions of formation and development of Set¬ 
tlements and settlement landscapes were in the foreground . 17 According to A. Gramsch, 
landscape archaeology focuses on Raum (space) and culture-nature relations. Economical, 
socio-political and societal functions of a landscape are part of the Interpretation . 18 In 
order to reconstruct the prehistoric cultural landscape, J. Lüning described the methods 
of the landscape archaeology . 19 Landscape archaeology encompassed different fields of 
investigation, such as the archaeology of settlement, economy, social System and ecology. 
Archaeologists apply methods and sources both from the humanities (historical sources) 
and natural Sciences (such as survey, geographical Information System, geomagnetic, aerial 
photograph, radiocarbon dating and Vegetation analysis). The aim of landscape archaeol¬ 
ogy is to reconstruct the whole System of human activities, for example agricultural and 
mine production, and the exchange and trade System represented by Settlements within 
their social structure . 20 


Ecology, Palaeoecology 

Ecological Systems are defined by three components: structure, Organization and func- 
tioning . 21 These components vary along temporal and spatial gradients, constituting com- 
plex dynamic Systems, with hierarchical levels . 22 Landscapes, as one of those hierarchical 
levels, include several lower levels of structuring, Organization, and functioning, such as 
ecosystems, and are themselves included in an upper level of structuring, Organization, 
and functioning of ecological Systems, e.g. in a regional matrix . 23 All these levels are 
internally and externally in interaction and interdependence (e.g. genetic flux between 
populations forming metapopulations). If the landscape level is one level of human obser- 
vation of ecosystems, landscapes exist without human perception. The landscape level is 
characterized by the heterogeneity of temporal and spatial dynamics of its components, 
providing a mosaic of ecological Systems. Several parameters and processes are specific for 
this spatial scale, playing a role as factors of structuring, organizing, and functioning . 24 
Such parameters and processes can be measured and quantified, at least in parts, as far as 
current scientific knowledge allows, e.g. species richness , 25 biodiversity , 26 biogeochemical 
flux, trophic chains etc. Moreover, one important feature of landscape scale is the role of 
human population , 27 notably as a main disturbance for ecological processes, inducing 
heterogeneity of landscape components. 


15 

16 

17 

18 

19 

20 
21 
22 

23 

24 

25 

26 
27 


Eggers 

Jankuhn 


1951 


1977 


Janssen 

Gramsch 

Lüning 

Lüning 


1988 


Leveqe 2001 


2003 


199/ 


199/ 


280. 


Burel and Baudry 2000 
Aronson and Floc'h 
Blaschke 2006 
Steiner and Köhler 


Frontier, Pichod-Viale, and Lepretre 


2004 


1996 


2003 


Waldhardt 
Burel and Baudry 


2003 


Dauber et al. 


2003 


2000 

































What is Landscape ? Towards a Common Concept within an Interdisciplinary Research Environment 173 


Geography 

The concept of landscape has been discussed as a key term since the beginning of the 
20th Century. Passarge -8 defined natural landscapes as a “district which so far as possi- 
ble represents a unit according to its climate, Vegetation cover, modeling of the surface, 
geological structure and soil. Generally, all mentioned characteristics do not coincide; 
some must however agree to unify, if a landscape is to result.” 29 Passarge 30 continues 
that landscapes cannot be seen as a “single oneness,” but rather can be broken down 
to “sectional landscapes” according to relief forms, waters, soils and Vegetation cover. 
Even though landscape has always been defined as an entity, geographers have usually 
chosen which part of the landscape they research. Some focus on physical properties 
and others on more social aspects or time. The concept of landscape is often mixed up 
with region, but in the hierarchy of terms, landscape describes an integrated spatial view, 
following region and zone in size. A landscape features the same regional characteristics as 
its adjacent landscapes, but differs in factors like topography, drainage, land-use, type of 
settlement etc. Importantly, although landscape is a geographical unit of relatively small 
size, it is large enough to be a representative section of the earth surface, with anything 
smaller is no longer being representative. This might be the reason for its popularity 
among geographers as a powerful concept. This richness of detail leads to the conclusion 
that each landscape is unique, albeit that it belongs perhaps to a landscape type that 
combines other individual examples. This uniqueness becomes especially strong when 
human aspects are integrated in the concept. 


Geology 

The opening sentences of Charles Lyell’s “Principles of Geology” clarify that geologists 
perceive landscape as the result of external and internal forces acting on the structuring 
of the surface of the earth. 31 The birth of modern geology in the 18th Century is linked 
to James Hutton who investigated the geologic settings while Clearing and draining his 
farmland. Besides inspecting various compositions of rocks, he observed the landscape 
with respect to processes that might have formed them. It led him to the concept of 
uniformitarianism, assuming that natural laws and processes acting on the earth now, 
acted likewise a long time ago. 

Although frequently used, the term landscape (also palaeolandscape) is not clearly 
defined in geology. Most likely, geologists have a similar definition of landscape to physical 
geographers and use it in describing geomorphologic features encountered in a certain 
environment. However, in contrast to geographers, geologists perceive a mountain ränge 
as the result of tectonic forces and the ideal place to study ancient rocks. Moreover, 
geologists use landscapes as analogues for past environments and relate observed processes 
in modern landscape (e.g. erosion, or Sedimentation) to past processes according to ac- 
tualistic approaches. Thus, their process-oriented approach requires the development of 
a four-dimensional view on landscapes looking not only at the surface and the depths 
below, but also back in time. 

From a geocentric viewpoint, geologists would argue that factors which shape the 
landscape are geological forces of tectonics and erosion. More recently, the discussion 
about landscapes in geological terms has reached the next level as the debate on the 
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‘Anthropocene’ has started. Within this context, it is discussed when and to what extent 
humans became agents in the transformation of landscapes, and thus not only leave 
distinct geological traces (that might still be visible in millions of years from now), but 
also alter the earth System into another state. 


History 

Historians approach the concept of landscape through two different perspectives. If they 
address history as the study of events related to human affairs (OED), landscape will 
be considered as the place where anthropogenic and non-anthropogenic elements inter- 
acted. 32 Considering men’s action on landscape, research, for example, tries to find out 
how humans structured the available environment and why. Considering landscape’s ac¬ 
tion on humans, research focuses on phenomena such as migrations. Apart from mobility 
due to political reasons (exiles, deportations etc.) environmental and climatic changes 
forced (and still force) people to move, at first as a question of survival. The increasing in- 
tensity of extreme weather events, sea-level rise and acceleration of environmental degra- 
dation triggered population movements within borders. This had great consequences for 
public health, food security, water availability etc., both immediately as well in the long 
term. 33 

On the other hand, dealing with the “history of ideas,” 34 historians investigate how 
humans have perceived their landscape. The research focuses on different concepts people 
used in the past. As an example, ancient Greek sources testify that the concept of space was 
founded on the belief that the natural landscape was transformed to anthropized space by 
humans fighting against the ‘wild’ space. 35 This idea legitimized the human appropriation 
of the environment and its exploitation by men: “plants exist for the sake of animals and 
that the other animals exist for the sake of man,” says Aristotle. 36 

In conclusion, the approach of historians on landscape includes the analysis of com- 
plex interactions between human factors and natural ones and the investigation of the 
perception of the environment by humans in the past. 


Discussion and Conclusions 

The term landscape is of crucial significance within a broad ränge of disciplines. 

Art historians use landscape either as artistic genre or as the construction of nature, 
shaped within the mind of an observer. The natural scientific perspective considers land¬ 
scape as a certain level of spatial reality by naming particular factors which shape it. On 
the one hand, these are quantifiable parameters (or processes), such as species richness or 
biodiversity in ecology, or topography, drainage or land-use in geography. On the other 
hand, the human influence is often part of the definition of landscape, as can be seen by 
its socio-economic and cultural-political significance in historical analyses or Settlement 
types in geography. And the influence of humans on landscape also affects the definitions 
of other disciplines, as can be seen in Classical as well as Prehistoric Archaeology. It seems 
as if the concept of a “dynamic space of social, cultural, and ecological significance, which 
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develops interactively with the human societies occupying it” works. 37 But the human 
influence proves to be essential in terms of the narrow viewpoint of our self-concept, 
because the human development within landscapes is a substantial part of our research 
projects. Besides, the definition of “total character of an area of the Earth,” as ascribed to 
Alexander von Humboldt, does not seem to fulfill our demands in a sufficiently compre- 
hensive manner. The solution lies rather in scaling between both positions: 

• Either the human influence is essential, because it is present within the discipline 
itself and thus an integral part of all definitions and researches, 

• Or the human influence is part of the definition although not explicitly needed. 
Because humans tend to shape nature in terms of own ideas, the differentiation 
between natural landscape and cultural landscape becomes evident here, 

• Or humans are not a part of the definition of landscape. 

But humans are an integral part even within disciplines from the third category (geo- 
logy, ecology) because nature is observed from human viewpoints and methodologies and 
is described with human-defined features. It is thus shaped within the mind of an observer 
as it is defined in art history. Consequently, landscapes are always shaped through today’s 
construction of landscapes, whether in or for modern or prehistoric times, and whether 
with or without humans. 


37 See above (Etymology). 
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Introduction 

Identity was an issue for people in the past as it is now. Its analysis spans many disparate 
disciplines, including those of psychoanalysis and archaeology. This paper, written in the 
context of the 5-year project Landscape and Identities: the case of the English Landscape 
1500 BC—AD 1086 (EngLald), develops a new approach to the study of past landscapes 
and identities by reference to a theoretical notion with its roots in psychoanalytical the- 
ory, hauntology. 1 In psychoanalytical context, hauntology seeks “to inspect the inside of 
reason and see how it too is haunted by what it excludes.” 2 Hauntology did not enjoy 
widespread acknowledgement until publication of Derrida’s 3 Spectres de Marx, 4 which 
departed from Abrahams and Torok’s view of the spectral as “an object of knowledge” 
by accepting its place within the present. 5 This is also the stance adopted in this paper. 

The EngLald project investigates the complex and evolving nature of human identity 
from c. 1500 BC to c. AD 1086 through analysis of the creation, use, modification and 
abandonment of landscapes across England. Identity is seen as deriving from patterns of 
practice, which are structured by physical circumstances—both ‘natural’ landscapes and 
their human modifications—existing within a long-term chronological context, although 
time itself is not necessarily linear. This paper, starting from an early medieval vantage 
point, will briefly set out its theoretical stance, before applying it to a case study area: the 
southwestern part of upland Dartmoor (Devon) and adjacent lowland regions (Fig.[lJ. 


Theoretical Background 

Since Derrida’s 6 publication of Spectres de Marx, hauntology has had an impact on many 
disciplines. The cultural geographers Maddern and Adey, 7 view hauntology as “the nag¬ 
ging presence of an absence,” likened to an infant burial ground or—perhaps more rele¬ 
vant in the context of the current case study—the absence of permanent early medieval 
Settlement in a region dotted with prehistoric remains. Amongst literary critics, Davis, 8 
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Fig. 1 | Location of case study area (black grid squares) showing hundred boundaries in this region. Area of 
Fig.Elis outlined in red. Map was created using ArcGIS® Software by Esri. ArcGIS® and ArcMap™ are the 
intellectual property of Esri and are used herein under license. Copyright e Esri. All rights reserved. 


regarding ghost and folk stories as subconscious metaphors for events from the past, has 
stated that hauntology “[replaces] the priority of being and presence with the figure of 
the ghost as that which is neither present nor absent, neither dead nor alive.” 
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The field of archaeology, with its long-term perspective, is suited par excellence to 
explore the notion of hauntology, but this has not yet happened explicitly. Nevertheless, 
the spectral was an important driving force for archaeological investigation, especially 
during the early days of the discipline. The late 19th to early 20th-century writer Mary 
Butts, 9 emphasising the relationship between archaeology and storytelling, stated how 
“archaeology had begun to interest [her] ” as she realised the taboos associated with cer- 
tain Neolithic earthworks where “no shepherd, no farmhand will go ... after dark.” 
Or, as Franklin 10 has stated, “stories were associated with archaeological features in an 
attempt to explain their existence and origin when ... the true nature of their origins was 
unknown.” 

The evidence for Anglo-Saxon perceptions of prehistoric remains has been compre- 
hensively analysed by Semple. 11 Emphasising the importance of folk stories and mythol- 
ogy, Semple highlights the recurrent literary Interpretation of prehistoric barrows as the 
dwelling places of evil spirits in sources such as Beowulf and the 8th-century Life of St 
Guthlac. More recently, Franklin 12 has pointed out that certain topographical circum- 
stances, such as uplands and moors, also tend to be associated with evil spirits: Beowulf 
(Ch. 1,10) describes Grendel as an inhabiter of moors and fens, whilst the dragon in Part 
2 (Ch. 31) inhabits a barrow in an upland zone. 

Hauntology can take analysis of early medieval perceptions of landscape forward 
by moving beyond an understanding of the past as a static entity, a Situation that has 
been described as “the logic of the corpse,” which was only interested in “the broken, 
the static and the already passed.” 13 As Madern and Adey 14 have stated, hauntology is 
well-equipped to “animate silenced agencies and forgotten voices and histories, while also 
attending to the political aspects of those voices and histories.” As such, hauntology is 
able to describe “the fluidity of identity among individuals ... both in the present and 

• »15 

over time. 


An Hauntological Perspective on the Anglo-Saxon Landscape of 
Dartmoor 

Dartmoor is an upland region well known for its excellent survival of Bronze Age field 
Systems. 16 From the late Bronze Age, however, Dartmoor became increasingly marginal, 
a development traditionally attributed to climatic change, 17 although more recently this 
has been questioned. 18 Iron Age hillforts were constructed around the moor edge, drawing 
communal focus away from the earlier ritual monument groupings on the high moor. 19 
During the Roman and early medieval periods, permanent Settlement only occurred in 
the lower-lying regions surrounding the moor, with Dartmoor mainly used for seasonal 
transhumance, 20 even if the period after c. 800 AD witnessed a warm and dry climatic 
spell. The Anglo-Saxon association of uplands and barrows with evil spirits and monsters 
may suggest, therefore, that the moors were left uncolonised (partially) for metaphysical 
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reasons. To leave it at that, however, is to view the past as static, to adhere to ‘the logic 
of the corpse.’ This paper argues instead that the ghosts of ancestors—quite literally— 
continued to structure the world of the living. 

Fleming’s 21 mapping of Dartmoor’s reaves revealed evidence for their continuity 
as parish boundaries (originating as early medieval estate boundaries) and hedge lines, 
revealing the long-lasting structuring role of these tangible prehistoric boundary features. 
In addition, the boundaries of many of the geographical and administrative divisions 
known as “hundreds” in south Devon, followed rivers and streams—many retaining their 
original British names—over large distances. Rivers, streams and linear earthworks are 
natural boundaries and routeways, making them an obvious choice to delineate territory. 
However, the degree of long-term continuity respects a continuing respect for the past. 
As Butts 22 has stated, “a place can be more than its assembly of wood and leaf and stone 
visible to us,” and the ritual significance of water has often been emphasised, especially in 
the context of votive metalwork deposits. 23 

Too much emphasis on continuity, however, results in a biased understanding of the 
Dartmoor landscape. Other boundaries were less tangible, their location known only 
from documentary evidence such as charter bounds. They are frequently associated with 
prehistoric features such as burial mounds and Standing stones. 24 This suggests that these 
boundaries were also steeped in folklore and engrained in patterns of practice for many 
centuries, but none of these would have been static. After all, not all prehistoric features 
fulfilled a similar role; for example, a cluster of hut circles in the north of Plympton 
Hundred is avoided by all boundaries (Fig. [2j. Interestingly, situated around this cluster 
are three stone crosses, none of which—in contrast to many other crosses within the case 
study area—correspond to boundaries. Is it possible to suggest that these crosses were 
erected instead to ward off evil spirits who were perceived to reside still in the hut circles? 
After all, ghosts were usually confined to specific locales, 25 possibly imprisoned there, as 
Semple’s 26 reading of The Wife’s Lament suggests. 

The selective approach to prehistoric remains echoes Butts’ 27 observation that ghost 
stories and taboos were associated only with certain monuments. These stories were not 
static; for example, the eighth-century charter bound describing the Crediton estate to 
the northeast of Dartmoor includes references to cains cecer (Cain’s acre) and grendelespit 
(Grendel’s pit), the latter representing the attribution of Germanic pre-Christian folklore 
to a region that had still been British little over a Century earlier. Franklin 28 has argued 
that folk tales from Dartmoor spread to the south Devon coast in the context of seasonal 
transhumance, providing further evidence for the fluid relationship between landscape 
and folklore, and between present and past. 


Conclusion 

This brief paper has tried to demonstrate how the concept of hauntology can help us 
understand the interaction between past and present, and between memory, identity 
and landscape. Human identities shaped and were shaped by patterns of practice, which 
were engrained in memory and folklore that continued to exercise an active role within 
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Fig. 2 | Hundred boundaries and prehistoric remains in Shaugh Prior, Plympton Hundred (parish 
boundaries do not fall within the small part of the case study area that is depicted) in relation to the First 
Edition Ordnance Survey Map, provided by EDINA Historie Digimap. e Crown Copyright and Landmark 
Information Group Limited (2012). All rights reserved (2004). 


the present. In other words, the present can only exist in relation to the past and the 
future, but the relationship between past, present and future is complex, as the Anglo- 
Saxons alternately rejected the spectral presence of their ancesters (as was the case with 
the hut circles in Plympton hundred) or continued to allow the past to structure their 
present (and future). The ghosts from the past, whoever and wherever they were, thus 
continued to shape the identities of the living, whilst the identities of the spectral were 
also, irrevocably, changed in the process. 
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Introduction 

Knowledge about the early middle ages in the Lower Rhine area is mainly based on 
graveyards. 1 Settlements that have been excavated using modern methods are exceptions 
to this. 2 As a result, little is known about landscape-dynamics in this region from Late 
Antiquity to the Middle Ages. 

The University of Bonn, the “LVR-Landesmuseum” and the “LVR-Amt für Boden¬ 
denkmalpflege” have therefore initiated a project funded by the “Stiftung zur Förderung 
der Archäologie im Rheinischen Braunkohlenrevier” named “Von der Spätantike zum 
hohen Mittelalter—Landschaftsarchäologische Untersuchungen im Raum Inden-Pier.” 
The aim of this project is to conduct an intensive landscape-archaeological exploration of 
the area around the village of Pier near the lignite opencast pit of Inden, 40km to the west 
of Cologne (Fig.[lJ. 

The ongoing debate in all cultural Sciences about the term “landscape” began with 
the “spatial turn.” Despite many differences in the details, a consensus has been reached 
that landscape is not only the physical background of culture but must also be seen as 
a complex arrangement with social, symbolic and mental dimensions. 3 Programmatic 
concepts dealing with landscape archaeology are no exception. 4 

Apart from the theoretical objective, landscape archaeology is understood to be a field 
method focussing on the physical environment. 5 The field method does not automatically 
lead to a better understanding of landscape in the Contemporary sense. 

Due to the given briefness, this article focuses on ‘explanatory’ approaches, which 
allows an initial approximation to the topic. Only when hermeneutics are also considered 
can a synthesis of the complex concept of “landscape” succeed in the author’s opinion. 6 
Regarding the non-physical dimensions, possible avenues leading from field archaeology 
to a synthesis of landscape are discussed below. 
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Fig. 1 | The research area around the village of Pier and the known High Medieval Settlements. 1. Site 
identified by trial trenches. 2. Assumed settlement concentration around the church whose previous 
buildings date back to the early middle ages. 3. Conceivable site around a motte, known through surveys. 


The “Pier-Project” in the Rhenish Lignite Opencast Mining 
Region 

Fieldwork for the “Pier-Project” began with the preparation of trial trenches around and 
in the village in July 2011. Düring these preparations, the exact dimensions of two Roman 
“villae rusticae” and two known Merovingian graveyards were documented. 7 Further- 
more, an as yet unknown High Medieval site to the north west of the Contemporary 
village was discovered. 

Magnetometer and metal detector surveys were undertaken before and simultane- 
ously to the first fieldwork campaign. In addition to this, the soils were mapped based on 
a tightly meshed grid of drillings; the excavations will be accompanied by several natural 
Science analyses. 

About one-fifth of the area around Pier and the village itself will be excavated up until 
2016. The project therefore offers a great opportunity of acquiring a better understanding 
of the landscape-dynamics from Late Antiquity to Medieval times. But it is necessary to 
succeed in gathering from the physical world of excavation to a landscape-archaeological 
synthesis, including structural and mental aspects. 
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A Classification Scheme of Theoretical Perspectives 

Field archaeology and the landscape-archaeological concept will be classified in a three- 
dimensional diagram showing their different positions from the viewpoint of scientific 
theory (Fig. [ 2 J 1 ). The axes of the diagram display the level of time, the geographic scale 
and the ränge of theories. 

The scale for the level of time is F. Braudel’s 8 scheme of the longue duree , which 
goes from events fl’histoire evenementielle) to long time spans with almost imperceptible 
changes (l’histoire presque immobile). The geographic axis is subdivided into micro-, meso- 
and macroscales. The ränge of theories are scaled into “working hypotheses,” “middle- 
range theories” and “unified/generalised theories” according to R. K. Merton. 9 

Many characteristics connected with the levels of time by Braudel have equivalents on 
the axes of theory and geographic scale: in each case, the smallest entities are predestined 
for describing single events, the domain of hermeneutics. In contrast, the other ends of 
the axes display abstract structures and patterns. 10 

In this scheme, field archaeology ranks among the zero points on the scales (Fig. [2|o). 
It is allocated to the “l’histoire evenementielle,” as a site consists of several features. In 
theory, every feature is linked to a point in time when it was left open or it was closed. 
Time spans are only mentioned due to the impossibility of exact dating. For the same 
reasons, field archaeology is ranked on the micro-scale and interpretations of particular 
features are “working hypotheses.” 

In contrast, the theoretical goal of landscape archaeology can be ranked in the middle 
of the classification scheme: the interest concentrates on long term changes fl’histoire 
lentement agitee) and “theories of the middle-range” which explains structures and also 
bears historical specifics in mind. The geographic meso-scale is at the centre of interest 
because the examinations focused on the macro-scale are biased towards generalisation. 

The “edges” of the diagram are mostly extreme perspectives with little meaning: a 
study on the macro-scale for example, excluding theories and the depth of time, is only 
able to map patterns. 11 A theory is required to explain the pattern and the comparison of 
several levels of time so as to be able to visualise historical processes. 12 

There is a gap between field archaeology and the landscape-archaeological synthesis. 
External archaeological Information is required to overcome this gap. Archaeology itself 
is usually only able to delineate and map patterns. Therefore, the path to explanation 
and understanding leads through models and analogies from other Sciences, which means 
through interdisciplinarity. For this reason, the theoretical landscape-archaeological ob- 
jective can be understood as an ideal which is worthwhile but cannot be completely 
reached. 

Within this context, the landscape-archaeological concept, understood as a declara- 
tion of intent, can be regarded as complete when a project begins. Otherwise, a landscape 
synthesis demands an ongoing self-critical advancement of the methods. Therefore, the 
concept is characterised by never-ending dynamics. 

Many scientific concepts or schools dealing with the aspect of “space” narrow the 
perspective on the subject of landscape. This is the case with the complex of “historical 
ecology”: most of these concepts are focused on ecological interrelations and on Systems 
theory. 13 They can therefore only be ranked in a small area in the mentioned scheme. 
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Fig. 2 | Classification scheme of theoretical scientific positions. (a) The axes of the three-dimensional graph 
are F. Braudel’s levels of time, the geographic scale and R. K. Merton’s classification of theories, (b) Field 
archaeology was ranked among the zero points on the scales in contrast to the conceptual objective of 
landscape archaeology, which is positioned in the middle of the diagram. 


This also applies to New Archaeology and Post-Procedural Archaeology. Furthermore, 
it is worth asking whether certain concepts implicate certain interpretations, for example 
environment-determinations of culture. 14 

In contrast, scientific models are indispensable. A sociological example illustrates this 
point: as mentioned, most models can only be utilised for certain levels of time and 
certain geographic scales. There are special models for graveyards and Settlements of 
certain epochs. 15 It is necessary to synchronise all these special models to get a picture 
of the entire society. Therefore, a model of larger ränge is required, which is easy enough 
to use together with the incomplete archaeological material. These criteria are fulfilled 
by Th. Geiger’s 16 model of social stratification, of which the universal applicability has 
often been emphasised in the sociological discourse. 17 


From Archaeological Fieldwork to a Deeper Understanding of 
Landscape 

On the basis of an example from the “Pier-Project,” ways leading to a landscape-archaeolo- 
gical synthesis are discussed below. It can be presumed that three Settlements existed in 
the High Middle Ages in the surroundings of the present village (Fig. [l]): one Settlement 
was discovered through excavations to the north-west of Pier; a second site was assumed 
around the church whose previous buildings date back to the early middle ages; the third 
settlement concentration could have been located around a motte in the floodplain of the 
river Rur, known through surveys. 18 

Apparently, the sites had different functions: in the settlement in the north-west, 
relicts of pottery kilns and bloomeries as well as slags were found. Handicrafts with a 
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high fire danger were evidently concentrated there. The church area had a sacral function 
and the motte a function of feudal domination. 

It is possible to draw deductions from the Settlement functions, activity zones or so¬ 
cial structures by comparing artefacts from different sites. It must therefore be established 
whether specific handicrafts or professions were linked to a certain social prestige. This is 
made feasible by analysing whether artefacts of social distinction are regularly connected 
to certain activity zones. 19 Exotic food or horse riding equipment could be objects of 
social distinction. 20 Moreover, architecture is a strong indicator of social stratification. 21 

Until now, the earliest coherence of professions and social prestige is verified for the 
guilds of the late Medieval towns, due to the increase of written sources in this epoch. 22 
But it is very likely that the capability of certain handicrafts was also linked to a different 
level of social prestige in earlier times. Archaeology is participating in a debate with the 
neighbouring disciplines in regard to this research area. 

Understanding the Settlement functions and the social structures opens up several 
new perspectives: it is now possible to research whether social groups are arranged in the 
landscape in certain patterns. The positions of churches on exposed mounds or mottes in 
the floodplains are obvious examples of such patterns that could not be explained with 
rational reasons only. A sophisticated analysis would uncover less obvious structures. 
To understand these patterns, a dialogue with the history of mentalities, the economic 
history as well as hydrology and palaeobotany is needed again. 

The mentioned example shows a small, mainly explanatory, perspective on the sub- 
ject of landscape. An all-embracing synthesis requires a combination of several different 
perspectives, the improvement of methods and the dialogue with other Sciences. The 
last point presupposes the non-accentuation of the gaps of Science theory but tries to 
overcome them. 


Conclusions 

The classification scheme of theoretic scientific perspectives presented shows that there is 
a gap between landscape-archaeological fieldwork and the synthesis of landscape archae¬ 
ology. This underlines that landscape-archaeological fieldwork is a declaration of intent 
to attain a landscape synthesis. 

Using an example from the “Pier project,” ways of overcoming this gap are discussed: 
an approximation to the subject of landscape can only succeed when different method- 
ological perspectives are used. This demands the inclusion of hermeneutics as well as 
explanatory approaches, the application of theories, mainly short and medium ränge, 
and the consideration of different geographical scales and levels of time. To explain or un¬ 
derstand landscape, interdisciplinarity and analogies are needed. This necessitates the ac- 
ceptance of the often contradictory methodological and science-theoretical backgrounds 
of other disciplines. 
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perception. 

The question might be asked “what is an archaeological landscape?” The word “land¬ 
scape” has its origins, according to the OED, in the 17th Century Dutch word landschap. 
The same source States that its present meaning is “a section or expanse of rural scenery, 
usually extensive, that can be seen from a single viewpoint.” This definition gives some 
direction in understanding the concept, but for the specific case of archaeology, it is too 
vague and general. The different ways of transposing it into archaeology have created 
different directions in how this concept should be used and in relation to what. One of 
the fundamental shortfalls of landscape archaeology is that it does not have a holistic 
synthesis, 1 a shortfall that persists even today. The notions of archaeological scapes and 
archaeological landscapes, in some cases, are erroneously used and confused. Through 
the Separation of these two concepts, archaeological landscapes reveal themselves as a 
means of exploring the ties between past social aspects and the environment, whereas 
archaeological scapes are “essentially social constructs.” The views of Jaqueline Rossig- 
nol 2 should not be disregarded, stating that “the archaeological investigation of past land 
use by means of landscape perspective, combined with the conscious incorporation of 
regional geomorphology, actualistic studies (taphonomy, formation processes, ethnoar- 
chaeology), and marked by ongoing reevaluation” should be the means of conducting 
such studies. Further research defines archaeological landscapes as “a past surface within 
a defined span of time, which is subject to antecedent features and successive modifica- 
tions.” 3 Other definitions see landscapes as being “a collection of perspectives” 4 or “the 
spatial study of human interaction, in which the landscape is primarily a social scene.” 5 
The goal of such studies is the “reconstruction of the ancient landscapes as it could have 
been, in its potentiality.” 6 

From these definitions of the OED and the presented archaeological views, the mean¬ 
ing of an archaeological landscape begins to take form. It requires a well-defined vantage 
point, a well-defined region and temporal interval, and it has the goal of attempting 
the most likely reconstruction of how the landscape could have been. In contrast to 
geographic or artistic landscapes, an archaeological landscape is always viewed in motion, 
which is the natural result of the dialectic between space and time, i.e. movement in space. 
Similar ideas of landscapes being in flux have been expressed by other researchers. 7 Within 
archaeology, the vantage point of a landscape is provided by the use of specific groups of 
materials or features. In a phenomenological sense, the archaeological landscapes carve 
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the way towards a better understanding of past experienced space, not only in a visual 
way, but in every aspect of our perception. The fortunate meeting of all the products 
of the past human mind, to which the archaeological record is a testament, and those of 
the environmental changes of the past, have the potential to provide us with a picture of 
past human experience. 8 However, the accumulation of a large amount of data and its 
interlinking does not necessarily constitute understanding of the past experienced space, 
since it still requires meaningful interpretation. 9 

In summary, it can be said that the archaeological landscape is the reconstruction 
in motion of how it could have been from a single vantage point. The vantage point 
is defined by a well-contoured group of archaeological finds and/or features, in a well- 
defined space and time of certain aspects of the experiences of past human communities. 

In recent years, several studies with titles referring to a funerary landscape have oc- 
curred. Some argued that there is a relation between burials, landscape and funerary 
activity, 10 while others had a radically different approach, presenting a brief mapscape 
of the funerary sites 11 and a far more detailed account of the actual mortuary behaviour, 
tomb typology and funerary finds; perhaps the term “burialscapes” would be more suited 
for describing this study. 12 Although individual aspects of what might be called funerary 
landscapes have been singled out, none of the presented literature has attempted to bring 
all aspects together to carefully dehne the concept. 

It seems that most scholars agree that a funerary landscape must involve burials and, at 
some level, the geographical landscape. The sum of archaeological funerary hnds placed in 
their natural environment does not constitute funerary landscapes but rather burial land¬ 
scapes, i.e. studies of burial habits. Another variable is needed for the burial landscapes 
to become funerary landscapes, which has to do with the difference between burial and 
funeral. A burial is relatively easy to prove in the material record, since the deposition of 
the body already constitutes sufßcient evidence for it, whereas a funeral presumes some 
degree of repetitive, social activity, 13 usually seen as a specißc type of ritual and often 
also associated with some level of religious beliefs. Participation in such activities can be 
a signißcant feature in the creation and maintenance of social and communal identity, 14 
which manifests itself in society through social remembrance. 15 Social memory is used 
in the sense of repeatedly remembering past actions, which are related to exceptional 
key events in the past, over a longer period of time by means of well-deßned ways of 
communication that might be considered standardised. 16 Since funerary landscapes are 
related to memory, they exist in the past as markers not only of key burials or burial 
sites, 17 but of the associated intense phenomenological experiences related to specißc as- 
sociations of environmental variables, e.g. light, wind, cold, and lived human experiences, 
e.g. sorrow, pain, pride, loss. 18 It would seem that, from an archaeological perspective, 
the phenomenological experiences are the most elusive ones, though they should not be 
overlooked as their existence is strongly rooted in the human condition. 
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Fig. 1 | Constitution of the funerary landscapes. 


In order to exemplify the importance of human experiences at funerals, a parallel 
can be made between these and that of an imposing building, which might have induced 
a sense of “monumentality” in individuals. Although this monumentality is assumed 
by present-day researchers, it cannot be affirmed with any certainty, especially at the 
level of individuals. A built space might have created such impressions in past humans 
but we cannot surely state if this was induced in all individuals or in which of them. 19 
Furthermore, it would seem naive to argue that all past humans feit the same way seeing 
the “monumental” construction. 20 On the other hand, for at least some of the members 
of a past community that disposed of the deceased individual, the creation of powerful 
impressions and perceptions can hardly be questioned. The appearance of a series of 
standardised body treatments and Organisation of graves in large groups, over wide areas, 
reflects the subscription of several communities to a similar set of guiding principles 
for creating and maintaining social memory. 21 In this way, the funerary landscapes in 
the archaeological research describe the communities of the living, whereas the deceased 
simply is considered an “object,” a means of inferring and re-interpreting, and in some 
cases even creating, Information 22 about past human experience. Through the repeated 
disposal of the dead in the same place, the specific area becomes a place of remembrance 
of persons, their deeds and focal points in a community’s social memory. 23 


19 

20 
21 
22 
23 


gh 1999 
197 23. 


MacHui 
Nash 199! 
Daroczi 2Ö11 
HalbwacKs 


18. 


1925 


Assmann 2006b 


247-290, maps 16, 18, 20. 

is|F 

; H; 


27-33; Halbwachs|l950, 57. 
322-328, esp. 325; Halbwachs 


1950 


133; Jones 


2003 


84-85. 




























202 


Tibor-Tamäs Daroczi 


As a final conclusion, I would like to provide a direction in which all the above- 
stated and defined aspects associated with a funerary landscape can be summarised. The 
funerary landscape is a specific type of archaeological landscape that focuses on the phe- 
nomenological relation between death, disposal of the body in the environment and the 
social memory of the group participating in the remembrance of the burial. The means of 
researching and presenting it should be eclectic, in order to transmit as much Information 
as possible about the experienced human space associated with the burial and afferent 
activities. The goal of such a funerary landscape is to attempt to represent the most likely 
ways in which humans might have experienced the funerary aspect of their space. 
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Soils, Sediments and Landscapes of Dwelling: 
Geoarchaeology and the Symmetrical Project 


Symmetry; landscape; taskscape; assemblages; facies; chame operatoire; geoarchaeology. 


On the ebb of the postprocessual wave, archaeology finds itself in a state of transforma- 
tion. Echoing developments in the (other) social Sciences and the humanities, archaeol¬ 
ogy’s focus shifts from hermeneutics, the decoding of the content and meaning of things, 
to material things themselves. 1 In the course of this shift Cartesian dichotomies that 
underlie the edifice of archaeology are questioned. The world is re-imagined as neither 
a process-response ‘system’ (the dominant image of processualist thought), nor as a ‘text’ 
(the constant postprocessualist metaphor), but as a symbiotic collective, consisting of, 
and co-shaped by, several actors: organisms, with humans among them, inanimate things, 
and processes of change, cyclical and episodic. This exercise in analytical levelling goes by 
the (provisional) term symmetry. 2 


Geoarchaeology and the Symmetrical Project 

Archaeology is internally diverse; its variants are unequally compatible with a symmet¬ 
rical vision. So far, much of the discussion on symmetry has remained theoretical and 
programmatic, while geoarchaeological (and other environmental-archaeological) prac- 
tice continues to pursue its well-trodden path of ‘human-environment interactions’. This 
may be (partly) due to the (seif-) Identification of environmental archaeology as an assort¬ 
ment of natural-scientific methods, 3 whose role in the wider archaeological discourse is 
only auxiliary. Geoarchaeology is called to employ the methods of the earth Sciences in 
order to arrive at data, facts, and scientifically inferred ‘truths’ about a ‘natural’ world. 
This world is imagined as a distinct, self-standing pole of the ‘human-environment rela- 
tionship’, underpinning that sphere of human activity (social/cultural) construed as the 
ultimate focus of archaeological enquiry. 

This article argues that, instead of being the helpmaid of a ‘higher’, theoretically 
informed archaeology of the social/cultural, geoarchaeology (and other environmental 
archaeologies) can become ecological archaeology tont court 4 —a crucible of the symmet¬ 
rical project. This transformation hinges on our willingness to re-imagine our subject 
matter, Sediments, soils and landscapes of dwelling, and our engagement with it. 


I thank Penny Travlou and Georgia Axiotou (Edinburgh) for numerous fascinating discussions; Ian 
Simpson and Jennifer Brown at Stirling and research collaborators in Sri Lanka (Nimal Perera, Siran 
Deraniyagala) and Iran (Merkhan Maghsoudi) for the opportunity to take a closer look at geoarchaeo¬ 
logy’s peculiar things. 
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The Making of Context 55 - Batadomba-Iena Rocksheiter Sh Lanka 

Rockshelters Deep feralitic 

/-V, with Late Pleistocene weathering 
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bone & mineral 
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Fig. 1 | The making of archaeological Sediment in context 55, a Late Palaeolithic (ca. 15,500 cal. BP) 
deposit at Batadomba-Iena rocksheiter, Sri Lanka, (a) View from the rocksheiter entrance. At the time of 

(b) Summary of the regional geomorphic/geological setting. (c) Late Palaeolithic habitation deposits, 
comprising hearths and other trampled floor debris. (d) Thin section of context 55 (for location see frame in 
c) and its main constituents. Trampled food remains and partly burned plant fronds (from plant-derived 
artefacts?) are reminiscent of debris accumulating around structured living spaces (hats, mats, sleeping 
platforms) of the ethnographic present, (e) Summary of some of the proximate actions embodied within the 
few square millimetres of Sediment shown on (d). Only few of the actions manifest at this scale of 
observation are shown, and interactions between non-human actors in the rainforest ecosystem are omitted. 
The phases of procurement, me (including re-use) and discard implicate people with (other) organisms, 
minerals (quartz, chert, ochre) and the artefacts made from all the above into a Late Palaeolithic collective. 
At a larger scale, each sedimentary unit, up to the entire rocksheiter fill, embodies a multitude of actors, 
implicated with criss-crossing webs of action. Flows of action do not cease with Sediment deposition. 


context 55 deposition the surrounding Vegetation probably was tropical evergreen forest (Perera et al. 
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Sediments, Soils and Landscapes as Bodies and as Ghosts 

If Sediments, soils and landscapes are not texts, records inscribed with human action, what 
kind of things are they? The following is a (provisional) descriptive Statement: 

Sediments, soils and landscapes are heterogeneous collectives of living and non-living 
things and processes (1), assembled through acts of dwelling in the world (2). These collectives 
are temporal; within them time is immanent (3). Their temporality is what enables things of 
the ‘past’ to act on those of the ‘present’, thus collapsing successive stages ofhistorical time into 
a state of ever-presence, haunting (4). 

Heterogeneous Collectives 

Sediments, soils and landscapes comprise a multitude of disparate things, living and non- 
living. These things act upon, through and by means of each other, while responding 
to, and mediating, actions of entities and processes whose reach extends well beyond 
Sediments, soils and landscapes (e.g. the weather and climate, changing sea levels, tectonic 
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movement: Fig.[lJ. It is in this sense that Sediments, soils and landscapes are quintessen- 
tially social: not by virtue of possessing some kind of ‘sociality,’ a mysterious property 
imprinted upon them by the action of past and living humans, but by virtue of being 
associations of actors interlocked in networks of action . 5 


Assembled through Acts of Dwelling 

Living things dwell in the world. In Tim Ingold’s meditation on the landscape, dwelling 
is equated with being-in-the-world, an array of practices that include and ground “ the 
activities of building—of cultivation and construction,” b and, one could add, any other 
action living things undertake to make their allotment of the world and their bodies fit 
for each other. 

The material things that come together in Sediments, soils and landscapes are the 
products, and at the same time the ways and means, of dwelling—of humans as much 
as of numerous other dwellers of the shared world (Fi g.[TJ. Landscapes, with their con- 
stituent Sediments and soils can, thus, be understood as taskscapes: embodiments of the 
interlocking tasks of dwelling of their inhabitants . 7 


In which Time is Immanent 

Taskscapes are “pregnant with the past.” 8 Their immanent time is not merely the sequen- 
tial, steadily-flowing calendar time of history and geochronology, but also time generated 
from this very ‘bus iness of dwelling,’ the ensemble of interwoven tasks, complex cycles of 
interaction between interdependent actors as they perform their existence. These time- 
infused taskscapes (with their soils and Sediments) resonate with the existential rhythms 
of the non-living as well as of the living, with the totality of rhythmic phenomena, 
animate and inanimate. Once again, landscapes are social due to their very existence as a 
result of the “ mutually attentive engagement ” 9 of people and other living things. 


And, by Virtue of this, Haunted 

The linkage of things and people, the dead, the inanimate and the living, with networks of 
action constitutes a state of haunting: ‘former’ (in terms of chronology’s sequential time) 
States of soils, Sediments and landscapes are implicated with, and acting upon, present 
ones; ‘earlier’ fabrics of association and interaction are present in-deed, not as inert Scripts 
but as ghosts. 

The ghosts that haunt soils, Sediments and landscapes are not mere Symbols, but 
material things, embodying relationships of action, cause and effect and, on occasions, 
deliberate agency. Geoarchaeology’s ghosts are bodies. As such, they are parts of the 
world of things and processes, subjected to its ‘natural laws’ and, therefore, knowable—to 
the extent that things of the world are knowable—through scientific investigation. 
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Geoarchaeology among Things 

Geoarchaeology is endowed with operational concepts that facilitate the reassembly of 
past collectives and the narration of their constituent acts of dwelling. The concepts of 
assemblage and facies and an extended Version of chaine operatoire strike me as particularly 
relevant. 


Assemblages and Facies 

The concept of assemblage, the totality of significant objects (artefacts, animal remains, 
etc., depending on analytical focus) found in association, originated in the (linked), early 
19th Century beginnings of palaeontology and archaeology as object-focused studies of 
the past. Although lost to modern usage, a notion of playful interaction is implicit in the 
term’s etymological ancestry: in Old French and Middle English, the verb assembler stood 
as a euphemism for sexual coupling. 10 This ancient metaphor for the playfulness of thing- 
to-thing intercourse, and the unpredictable potentialities this engenders, brings us to the 
reconfiguration of the assemblage concept in Contemporary post-textualist social theory. 
Extended to include the totality of (sampled) objects at a site, archaeological assemblages 
are not immutable arrays of inert objects but dynamic associations of interacting things— 
what Deleuze and Guattari describe as hodgepodges of interpenetrating bodies. 11 

A related concept is that of facies, originally defined by Amanz Gressly in 1838, 
as a sediment’s ‘aspect:’ the totality of its observable characteristics, both lithological 
and biological. 12 Facies has since been extended to include the totality of (observable) 
attributes and components of a Sediment, a soil (pedofacies ), or even extensive rock masses 
of variable origins ( tectonic facies). 

Unlike the concept of assemblage, which lifts significant objects out of their matrix, 
extracting them, as it were, from the (by implication meaningless) dirt that encases them, 
facies is intrinsically symmetrical. It encompasses the Sediment/soil collective in its full 
material variability: not just distinctive objects of special interest, but also the matter 
within which these objects are encased. By affording a more level, un-structuring gaze 
at geoarchaeology’s peculiar things, facies may, thus, serve as an analytical, enumerative 
expression of sediment/soil/landscape materiality. 


Chaine operatoire 

A concept born in material culture studies, chaine operatoire (“operational sequence”, 
“chain of operations”) refers to the successive stages in an artefact’s use-life, from procure- 
ment of raw material to discard. 13 This concept encourages approaching the making, use 
and discard of things as a discursive practice: every stage in an artefact’s life is understood 
as the result of choices, made by individual human agents. It is precisely the promise of 
charting past agency through the minutiae of object making and use, 14 that renders chaine 
operatoire analyses so useful to those variants of archaeology that strive to reconstruct past 
personhood from its material residues. 

Like handaxes, beads and beakers, hearths, houses and fields are also (co-)produced 
sequentially, through their use, abandonment and reuse, in sequential entanglements of 
people with other living and non-living things, embodying the agency of their partic- 
ipants. Extending the concept of operational sequence from its ‘traditional’ domain of 
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(mainly hand-held) artefact analyses to all material transformations of the world in which 
people participate 15 may provide a framework for tracing, ordering in time and narrating 
the acts that made ancient Sediments, soils and landscapes. 

Nonetheless, geoarchaeology’s complex, multi-authored things tend to differ from 
artefacts that traditionally fall within the remit of material culture studies in, 1) scale and 
complexity; 2) the number of their makers and users; 3) the ad hoc character of their making. 
Negotiated between so many different co-workers, the making of soils/sediments/land- 
scapes is a highly ramified process. 


Conclusions 

Engaging with archaeological Sediments, soils and landscapes as things-in-themselves, ra- 
ther than mere records of human agency and environmental forcing, can make geoarchae¬ 
ology’s stories richer and more congruent with the realities of the inhabited world. The 
intrinsic symmetry of the peculiar collectives that constitute geoarchaeology’s subject 
matter renders geoarchaeology central to the symmetrical project. The operational con- 
cepts of assemblage/facies, part of geoarchaeology’s theoretical endowment, and chaine 
operatoire, imported from material culture studies, may facilitate this engagement. In any 
case, a symmetrical geoarchaeology will be ecological archaeology tont court. 


15 Cf. Lemonier 
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Models of Centrality 


Centrality; central place theory; Settlement hierarchy; interaction; network; centrality 
vector. 


Central Place Theory in Geography and Archaeology 

The geographical term of centrality was defined by Christaller in 1933. He defined a 
central place as a place which has a relative surplus of meaning due to fulfilling central 
functions for the surrounding area. 1 “Relative” refers to the concept that centrality is 
the meaning above the level which would be expected looking at the population density. 
Christaller developed a theory for constructing Settlement Systems with minimal trans- 
portation costs for fulfilling central functions. Central places provide central functions 
for all places located at a lesser distance than the next central place of the same hierarchic 
level. Due to the different reaches of different products or Services the Settlement pattern 
forms a spatial hierarchy. According to different tasks (supply, transport and delimitation) 
the theory leads to different patterns which were based on different relations of the 
number of central places to the number of subordinated places (K-values). As an indicator 
of centrality Christaller uses the number of telephones in relation to the population at 
each place. 

Framing Christaller’s theory and analysis with concepts from model theory 2 allows 
the following description. Christaller developed a theoretical model with three variants 
(different K-values) which shows the optimal structures for three different tasks. In ad- 
dition he obtained an empirical model which shows real centrality. The comparison 
allows a kind of reversal modelling which provides us with knowledge of the theoretical 
model which fits best to the theoretical model and hence with the task which leads 
to the observed Settlement pattern. This comparison was one of the main purposes of 
Christaller’s work and gave rise to a map of tasks. 3 Many later works on central places 
have not followed the concept of the comparison of both theoretical and empirical models 
but concentrated on the optimisation of structures, the generation of theoretical models 
or the empirical measurement of centrality. The model driven research concept combines 
the strengths of both the deduction of theoretical models and the empirical models based 
on observations. Furthermore it does not imply predefined Contemporary meanings as 
hermeneutic approaches do. 

The personal contact between P. Haggett and D. L. Clarke in Cambridge led to the 
reception of central place theory in archaeology. 4 The anglophone school of archaeolog- 
ical central place research hence is orientated on concepts from locational theory like 
the determination of borders. Central place theory became a paradigm in Scandinavia 
in about 1990. The research focussed on identifying central places and reconstructing 
settlement hierarchies. Some years later central place theory reached Germany. Despite 
the fact that some German scholars had worked on central place theory around the year 
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1970 it did not become a paradigm until the end of the Century. German central place 
research is focussed on central functions. 5 In recent times integrated concepts have gained 
significance. 6 Archaeological central place research can be divided into several fields of 
activity: 7 

1. Identifying central places 

2. Reconstructing territories 

3. Reconstructing hierarchies 

4. Analysing the processes of centralisation 

5. Analysing the cybernetics of Settlement Systems 

Central place theory and central place research are not a uniform and developing dis- 
course. We can distinguish several applications and schools with different focuses in terms 
of time of occurrence and abandonment, region of usage and objectives of research. Some 
work not connected to a certain school of central place research 8 widens the picture of 
heterogeneous discourses. 

Central place theory developed into a very useful concept for understanding and 
planning some structures of spatial Organisation. Nevertheless central place theory has 
some shortcomings in theory and practice. 

• Centrality seems not to fit to long-distance trade. 

• The offered theoretical models cover only a small part of reality. 

• The concept of central places is orientated on economics. 

• Different types of centrality are not considered. 

• The applicability of central place theory to archaeology is not ideal due to the 
available data. 

• In archaeology there are several applications of the central place concept which 
differ in many points and lead to different interpretations. 

• In many cases the general conditions for centrality were not taken into account or 
were mixed up with centrality itself. 

There are alternative concepts which compensate some shortcomings of the classical 
central place theory and partially claim to replace central place theory. First we have 
to mention network theory which does not focus on optimising the Settlement structure 
but on structural advantages within the network. 9 Costs of transport play a minor role in 
network theories. Space syntax 10 is a very decent tool with which to compare empirical 
structures for a certain type of data. View and the classification of spatial elements play an 
important role in space syntax analysis. Heterarchy 11 is discussed as a concept of spatial 
Organisation which applies in several cases and contradicts hierarchies and centrality. 
Heterarchy is a theoretical method beyond the scope of this paper since we deal here 
with centrality. 


Improvement of Central Place Theory 

It is obvious that we can improve central place theory in some points. 12 In this paper we 
focus on the most important improvements: 
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1. Extension of defmition. Since central place theory is a concept about organising 
interaction we should focus on interaction. Centrality is the relative concentration of inter- 
action. This defmition is a generalisation of Christaller’s definition and allows us not only 
to treat economic structures but also social structures, not only spatial structures but also 
non-spatial structures. 

2. Extension of theoretical models of Organisation structures (Fig. [l]). Christaller of- 
fers us three theoretical models respectively one model with three variants (k3, 4, 7). 
Whereas these models are optimal for special purposes, other conditions were not consid- 
ered. We should offer a wider ränge of theoretical models. Therefore we use a hierarchical 
classification of models where each level is concerned with a key parameter (Fig. [2}. 

Level 1: Type of Organisation. Is it possible to gain synergy effects by coordinating 
interaction? A positive response (a) leads to hierarchical structures while in the other case 
we cannot gain synergies (b) and heterarchic structures would be optimal. 

Level 2: Object of Organisation. Are synergies obtained by concentrating access to 
selected places (#a) or by coordinating transport (#b)? In an abstract way we speak of node 
hierarchies and edge hierarchies. This division corresponds with Christaller’s centrality 
and network centrality. 
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Fig. 2 | Scheme of Christaller 
centrality and network 
centrality. 


Level 3: Relevance of spatial distance. Is distance or the effort of access to a place the 
dominating factor of transport costs? If distance is dominant (##a) we achieve structures 
with minimal distances. The borders of territories are crisp. If distance is a minor factor 
(##b) the borders are fuzzy. 

Level 4: Independence of Organisation structures. Are there synergies of multiple 
usage of Organisation structures? It may be advantageous to use the same Organisation 
structures for different tasks. This level is focussed on the balance of synergies of struc- 
ture and advantage of location. Multiple usage of Organisation structures {### a) reduces 
the number of different structures and tends to monohierarchic structures. Independent 
Organisation structures (###b) tend to polyhierarchic structures. The effect is obvious in 
hierarchic structures where the number of centres of the same level in one territory is a 
proxy for the independence of Organisation structures. In network structures the effect 
may be hidden by the different weightings of the edges. 

Model aaaa corresponds with the classic model of Christaller and hence can be divided 
into variants for different k-values. The other models expand the offer of different theo- 
retical models and therefore extend the coverage of the theory. This feature based Com¬ 
pilation of nine theoretical models allows reverse modelling by comparing with empiric 
models. This allows estimation of the drivers of the development of Settlement Systems. 

3. Integration of central place theory and network theory (Fig. [2|l. The extension of 
theoretical models includes the Integration of central place theory and network theory so 
they are no longer contradicting paradigms but complementary models. This Integration 
reduces the shortcomings of both concepts. This is a significant point since most central 
places have a certain value of Christaller centrality as well as a certain value of network 
centrality. 

4. Vector of centrality. We can assume different types of centrality. The comparison 
of Christaller centrality and network centrality makes clear that there are different Pa¬ 
rameters that qualify a central place. These components are 

• Intensity of interaction (i) 

• Reach of interaction (r) 

• Levels of hierarchy (h) 

• Control of interaction (c) 

Together these components form a total centrality. The components can be viewed as 
elements of a vector of centrality. The length of this vector is the ratio-scaled measure of 
centrality. 
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Summary 

Central places, which are defmed as places with a relative surplus of meaning due to 
fulfilling central functions for the surrounding area, developed to be a useful concept for 
understanding and planning some structures of spatial Organisation. Shortcomings of the 
central place theory can be reduced by some improvements. A redefinition of centrality 
is combined with the concept of vector-centrality. The main components of this new 
concept of centrality are different theoretical models which extend the applicability of 
central place theory. An important result of these improvements is the Integration of 
central place theory with network theory. 
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Landscape Response to Human Impact in 
Coastal Newfoundland, Canada: 29,000km of 
‘Untouched’ Coastline 


Newfoundland; outports; beach modification; grazing; anthropogenic Vegetation assem- 

blages. 

Landscapes in small Coastal communities (“outports”) throughout Newfoundland, Cana¬ 
da, have undergone significant non-industrial anthropogenic modification over the past 
350 years. Study of the coastline forms a central focus for any understanding of New¬ 
foundland. For most of the plant and animal species, and for all the human occupants, 
life has revolved around the coastline and the Coastal environment since deglaciation. 
All human cultures in Newfoundland have had an intimate relationship with the coast. 
However, in contrast to the Situation in many areas of the world, a combination of low 
population density, diffuse social Organization, and periodic abandonment of the island 
meant that anthropogenic impact on the landscape was essentially negligible prior to 
1497. 

For Newfoundlanders of European descent, the harbors have represented economic 
and cultural centers since the first Basque, English and French voyages, and the first at- 
tempts at colonization in eastern Newfoundland in the early 1600s. The deeply embayed 
coasts provided safe harbors for fishing vessels, with suitable onshore areas for drying and 
Processing cod and for construction of the necessary stages, Stores, and other buildings. 
Local fishing grounds, many within sight of the shoreline, supported fisheries for cod, 
flatfish, herring and crab, and capelin spawned on gravel beaches. By 1660, small Coastal 
fishing communities (“outports”) dotted the shorelines of eastern Newfoundland, and by 
1850 virtually all suitable coves supported outport communities. 

Although the heritage of fishery remains central to the culture and psychology of 
Newfoundland, its economic importance has diminished in recent years. Government - 
sponsored programs of consolidation of Services and communities (“resettlement”) led 
to the abandonment of many of the smaller outports, particularly between 1955 and 
1970. The combined pressures resulting from collapse of key marine Stocks, notably 
the northern cod in the early 1990s, the economic pull and diverse opportunities for 
employment provided by St. John’s and larger centers in mainland Canada; and the 
changing demography of aging populations have continued the process of community 
abandonment. 

In many outports abandoned before 1970, the few houses present were frequently 
disassembled or entirely removed to new locations. The smaller outports generally lacked 
modern infrastructure, such as paved roads, concrete foundations, or electrical Services. 
Thus, when the houses were removed or disintegrated under the effects of weather, there 
were relatively few traces of human activity directly evident. To the uninitiated, partic¬ 
ularly visitors from other parts of the world, these landscapes are commonly perceived 
as ‘untouched.’ As tourism is a vital component in the economic sustainability of most 
communities, and is seen as a key component in the economic revitalization of for- 
merly fishery-dependent communities, this perception is actively promoted in advertis- 
ing. Environmental perceptions are an important factor in decisions made by prospective 
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tourists, particularly where the natural environment is among the destination’s primary 
attractions. However, the former outport areas actually represent complex patchworks of 
geomorphic and biological processes and anthropogenic modifications. 

Beach Systems have been modified by extraction of Sediment and realignment of 
outflow channels. Small-scale modifications formerly undertaken by outport residents, 
including construction of wooden retaining walls and channels dredged by hand, con- 
tinue to influence beach dynamics and storm-surge modification, even though the original 
structures have disappeared. The buried foundations of retaining walls, including large 
boulders as footings, limit Sediment resupply to the Systems from the land. Interruptions 
in terrestrial Sediment flux are especially evident in beaches which have undergone signif- 
icant storm-induced activity during the past 20 years. 

At sites where gravel beaches (“barachoix”) were backed by lagoons, small-boat access 
to the outport was maintained by periodic dredging of artificial channels, often taking 
advantage of natural shallow, ephemeral ‘guts’ formed by terrestrial rainwater discharge 
from storm events. Maintenance of the channels acted to focus wave energy onto specific 
areas of the barachoix, locally accentuating shore normal transport and causing beach 
faces to steepen. Cessation of human maintenance results in gradual modifications to 
the beach Systems, but as many of the areas have undergone successive anthropogenic 
modifications over time, it is difficult to establish their ‘pre-anthropogenic’ configuration 
or characteristics. Study of the effect of storm events and sea level rise on Coastal erosion 
is complicated by this problem. Barachoix and tombolos in communities were commonly 
fortified to provide protection and improve access to shorelines, resulting in simultaneous 
widening and lowering of these landforms even during a period of rising sea level and 
increasing storm surge activity. 

In areas where beach space was scarce, Basque and Irish fish harvesters frequently 
collected and aligned beach stones to create flat surfaces for drying cod. These gently 
sloping stone platforms constructed for drying fish have been misinterpreted as evidence 
for higher sea levels, as well as mistakenly considered as evidence of mass movement or 
frost action. 

Grazing by sheep and goats, cutting of conifer forests, and human foot traffic has 
resulted in the removal of Vegetation and enhanced frost action, producing thufur, polyg¬ 
onal ground, gelifluction creep and cliff failures through frost wedging. Neither relict 
nor active periglacial features are present in areas where the Vegetation is completely 
undisturbed or where introduced Vegetation species are not present. The distribution 
of small-scale gelifluction and creep features present shows a strong correlation with the 
degree of human and domestic animal disturbance. 

The jointed, fractured and bedded nature of much of the bedrock facilitates frost 
wedging. Coastal sites lacking Vegetation are more susceptible to frost wedging than those 
with Vegetation cover, as the combined result of exposure of the rock to the atmosphere 
and removal of any potential snow cover insulation during the winter and spring. Areas 
with krummholz (“tuckamore”) tree Vegetation developed on thinly veneered or bare 
rock surfaces are more susceptible to wedging and erosion by block toppling than are 
sites with continuous herbaceous or grass Vegetation cover. The presence of Vegetation 
species introduced to Newfoundland with grazing animals is common in areas which 
show evidence of frost disturbance, indicating that the production of frost-related features 
is not linked to changes in regional or local climate. 

Woodcutting for domestic purposes has substantially reduced the extent of forests in 
Coastal areas. Once removed, recolonization of semi-exposed Coastal slope and headland 
areas by the pre-1500 conifer-dominated Vegetation assemblages was prevented by a com- 
bination of strong winds, enhanced frost action on exposed terrain and Sediment erosion. 
Clearance of land by domestic woodcutting and for gardens and pastures produced dis- 
tinctive areas of enhanced aeolian erosion and deposition of cliff-top loess. Palynological 
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assemblages, Sediment texture and organic composition reflect anthropogenic influence 
in these areas, but are most evident where laterally-extensive sections of peat and cliff-top 
loess successions are exposed. 

Enhanced colluviation and fitmal erosion have led to increases in Sedimentation in 
Coastal lagoons and salt marshes. With logging of the interior regions, the hydrological 
regime and habitat suitability of these streams changed drastically. Reduced Sediment 
transport by the streams led to changes in beach texture and morphology. Locally, shore- 
lines are dominated more by muddy and vegetated zones than they would have been at 
the time of initial European Settlement. 

Vegetation assemblages in the vicinity of outport communities were also affected. 
The lack of Sediments and subsequent soil development, with a prevalence of bare rock 
outcrops, makes arable land very scarce. The steep slopes, ranging from 10°-35°, and 
the uneven ground created by meltwater channels further restricts availability of level 
building sites. Any pocket of arable ground was very precious, and gardens could only be 
developed in small isolated pockets such as on wave cut terraces. As imported food was 
expensive, the small gardens provided much needed dietary components. Arable land was 
very important to residents in deciding a suitable dwelling site. Construction of low stone 
walls, necessary for property delineation and domestic animal control, produced micro- 
climates for both indigenous and introduced Vegetation species, which have persisted after 
human abandonment of the terrain. 

These multiple influences on the landscapes involved primarily local endeavors. In- 
dividually of relatively low intensity, they nevertheless resulted in substantial alteration 
to landscapes that superficially appear ‘untouched.’ The degree of human modification 
over a relatively short period of non-industrial activity poses challenges for both recon- 
struction of the natural landscapes and the assessment of ongoing change as well as posing 
questions concerning perception, tourism promotion, and Conservation. 


Norm Catto (corresponding author), Editor-in-Chief, Quaternary International Dept of 
Geography Memorial University, St. John’s, NL AlB 3X9, Canada, ncatto@mun.ca 


Gail Catto, Catto Geographie, 62 Royal Oak Dr., St. John’s, NL AlG 1S3, Canada 
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A Preliminary Model of Upper Pleistocene 
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Based on Geoarchaeological Investigations 


Geoarchaeology; Levant; Upper Pleistocene; fluvial deposits; modern humans. 


Introduction and Study Area 

While the re is almost no doubt about the African origin of modern humans, 1 the path 
of dispersal and final immigration into Europe is still under debate. 2 Our project focuses 
on the Levant as a potential main corridor for human migrations from Africa to Europe 
during the Middle and Upper Palaeolithic. It is embedded in the multi-disciplinary CRC 
806 “Our Way to Europe,” also investigating other regions including the source areas 
in North-East Africa, the North-African/Southern-European-Corridor, the Balkans and 
Central Europe. 

The timeframe of the Marine Isotope Stage (MIS) 4-2 (74-12 ka) is very important for 
geoarchaeological research, especially in Jordan, where sites and palaeoclimatic evidence 
are still lacking. We focus on the reconstruction of the Upper Pleistocene landscape 
evolution around archaeological sites in the presently arid environment of the Wadi Sabra 
(South-Central Jordan). The study is based on sedimentological and geochemical analysis 
of terrestrial sedimentary deposits. The study area is situated in the Greater Petra area 
in the eastern escarpment of the Dead Sea Rift. In this region, the Wadi Sabra valley 
System developed along a NE-SW striking tectonic fault line and recently drains the 
Jordanian plateau towards the west (Fig. Üb. In altitudes from 600 to 800m a.s.l., up to 
30m of stratified wadi deposits have been preserved from modern erosion. Determined 
by the nature of the local bedrock (Palaeozoic sandstones), the wadi fills are mostly 
of sandy composition. The association with archaeological finds of the Middle to the 
Final Palaeolithic (~50—18 ka) allows a reconstruction of palaeoenvironmental conditions 
during and after the time of the initial human occupation. Here we intend to present 
a preliminary model of landscape development in the Wadi Sabra based on field work 
impressions and laboratory data analyzed to date. 


Materials and Methods 

During field campaigns from 2008-2011, the complete local Sediment stratigraphy of the 
wadi was captured in different geomorphological positions. In addition to the chronolog- 
ical evidence from radiometric dating (OSL), the Sediment sequences in the Wadi Sabra 
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□ Pleistocene wadi deposits | | Palaeozoic Umm'lshrin Sandstone | ;; ; | Palaeozoic Disi Sandstone | | 11 Mesozoic Na ur Limestone 

Fig. 1 | Geomorphological characterization of the Wadi Sabra valley System. Upper left: Digital elevation 
model ASTER GDEM 2010 showing the location of the study area and investigated sites. The dashed line 
indicates the recent valley bottom of the wadi. Upper right: Picture of the upper part of the Sediment 
stratigraphy at Sabra 3 showing ancient palaeosol sequences and the recent calcareous duricrust at the top. 
Bottom: Longitudinal section along the recent valley bottom with pictures of investigated Sediments and 
sites. 


are accompanied by several lithic assemblages left by homo sapiens sapiens ranging in time 
from the Initial Upper Palaeolithic to the Early Epipalaeolithic Age. All periods of the 
Palaeolithic sequence are represented at least by single surface sites. 

To decipher the depositional processes and environmental conditions, we initially per- 
formed grain size analysis (laser diffraction), carbon fractionation and Statistical measure- 
ments on selected Sediment sections. These first sedimentological investigations showed 
that aeolian processes had only a minor influence on the deposition of the Sediments. 
The material is primarily of fluvial and colluvial origin. 3 Consequently, we further inves¬ 
tigated the interrelation between fluvial and colluvial processes in Sediment deposition 
and tried to define the major topographic influences and positions in which the diverse 
Sediment layers were deposited. Additional geochemical analysis is currently under evalu- 
ation to testify whether pedogenetic processes can be evaluated and linked to past climatic 
conditions. 
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Results 

In the Southern part of the study area at the Al-Ansab (Fig. [lj site, the Sediment stratig- 
raphy contains diverse alternating sequences of gravels, homogenous sands and calcrete 
deposits. They indicate phases of fluctuating environmental conditions with both high 
energy discharge events and phases of stable surfaces of unknown age. These deposits 
are discordantly overlain by a more homogenous progression of sands evidencing a con- 
tinuous phase of fluvial aggradation which probably dates to MIS 4 and 3 according 
the stratigraphy (OSL data are under evaluation). The deposition of these Sediments is 
interpreted as being induced by higher weathering intensities and potentially a more 
balanced seasonal precipitation than today, inducing a higher Sediment production. At 
the top of this Sediment remnant, the occupation of this area is attested by the Early 
Upper Palaeolithic Ahmarian site of Al-Ansab. First OSL samples have already dated 
the Sediments to the Upper Pleistocene. 4 However, the sand deposits are challenging for 
OSL dating as they show overall weak luminescence sensitivity and partial bleaching 
prior to deposition. Recent elaborations finally suggest the related sections to be ~38—28 
ka in age, which corresponds to the age obtained for Ahmarian finds elsewhere in the 
Levant. 5 Due to erosional processes in the Holocene and recent times, subsequent phases 
of Sedimentation are not preserved in this part of the study area. 

In the northern part of the wadi (Sites Sabra 3 and 4), comparable sequences of 
homogenous sands are again overlain by a 3m thick progression of intercalated calcrete 
and sand deposits covered by a 60cm thick calcareous duricrust on the recent surface 
which has preserved them from erosion (Site Sabra 3, Fig. [ljl. The Sediments in this part 
of the study area contain several archaeological find-spots of the Later Upper Palaeolithic 
(~25 ka) until the beginning of the Neolithic (10,5 ka 6 ) including the first Levantine 
Aurignacian assemblage from Jordan (Sabra 4). At sites dated archaeologically to the 
Last Glacial Maximum (Final Upper Palaeolithic, Early Epipalaeolithic; ~24—18 ka), nu- 
merous small bone fragments were excavated. To date, identified species include gazelle, 
wild sheep, equids, fallow deer, aurochs, brown bear and wild boar (Dr. Hubert Berke, 
personal communication). 

The calcretes are probably the result of secondary relocation of carbonate by fluc¬ 
tuating ground-water or rainwater percolation. 7 These initial palaeosol horizons could 
be related to fluctuating climatic conditions 8 and temporary phases with more moisture 
availability at the end of the Pleistocene. This has been postulated by several Levantine 
studies, particularly for the MIS 2. 9 Some of the calcretic layers also contain high amounts 
of calcified root fragments (rhizoliths) indicating denser Vegetation cover during the time 
of formation. This corresponds to the faunal remains from the sites suggesting a tempo¬ 
rary wood or grass land environment which contrasts to the arid conditions that recently 
prevail during most of the year. 


Discussion 

In the arid parts of the Near East, the availability of water is one basic precondition for hu¬ 
man occupation. 10 Consequently, Palaeolithic sites are often located close to groundwater- 
fed springs, e.g. in wadis, as these locations were not strictly dependent on seasonal or 
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episodic rainfall events. Recently, we hypothesize that during the Upper and Epipalaeo- 
lithic, the Wadi Sabra might have been a particularly favorable Settlement location, as a 
wide ränge of resources of different seasonality could be exploited within three main envi¬ 
ronmental zones: the Irano-Turanian steppe on the Jordanian plateau extending towards 
the east, the narrow N-S oriented Strip of Mediterranean Vegetation along the Western 
edge of the plateau and finally the arid Arava valley. 11 Due to the abundant relief, these 
environmental zones have shifted both upwards and downwards in the past, depending on 
the available moisture. The available data indicate that the narrow Strip of Mediterranean 
Vegetation was probably extended during MIS 3 and particularly during MIS 2. 

Several recent publications on palaeoclimatic conditions in the Near East assume colder 
and moister conditions in glacial periods compared to the modern interglacial. 12 On the 
one hand, these conditions could have extended the exploitable area from the Jordanian 
plateau down to the valley, creating an area where resources could be reached both from 
the plateau and the Mediterranean woodlands nearby. On the other hand, they should 
have increased the Sediment production in an environment with limited Sediment avail- 
ability due to stabilized landscape conditions 13 resulting in a long term phase of fluvial 
aggradation in the study area. This aggradational phase corresponds to a time of reported 
high lake levels in the Dead Sea area (Lake Lisan 14 ). In contrast, during most periods of 
the Holocene, the geomorphological processes were dominated by erosion which could 
have been induced by climate change or a lowering of the base-level in the Arava valley. 
Although the tectonic influence is poorly understood in this region, the absence of older 
sites is generally linked to climatic cooling events and increased aridity during MIS 4 and 
early MIS 3. 15 However, the climatic fingerprints from different archives are not distinct 
for this period. 16 


Conclusion 


Our sedimentological and geochemical investigations in the context of the Upper Palaeo- 
lithic sites in the Wadi Sabra indicate that the palaeoclimatic conditions at the end of the 
Pleistocene provided, at least temporarily, more favorable conditions for human Settle¬ 
ments than today. A phase of continuous aggradation was active until the end of MIS 3 
(Tab. [l]). Faunal remains, rhizoliths and geochemical data of several calcretes and initial 
soil horizons indicate a presumable increase of moister climatic conditions during the 
LGM. Consequently, the study area might have been preferred by humans for occupa- 
tion, indicating the landscape sensitivity of the Upper Palaeolithic culture during this 
time. During the Holocene, the geomorphological processes were then mostly dominated 
by erosion. 
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Age 

Location/Site 

Landscape evolution 

Dating 

MIS 4 (?) 
(74-59 ka) 

Al-Ansab 

Older phases of fluvial aggrada- 
tion and stable surfaces (undated) 

OSL (in progress) 

MIS 3 
(59-25 ka) 

Al-Ansab, 

Sabra 3-4 

Continuous fluvial aggradation 
and reworking of wadi deposits 

OSL: ~ 38-28 ka 
Archaeology: 
Ahmarian (EUP), 
Aurignacian 

MIS 2 
(25-12 ka) 

Sabra 3 

Diverse phases of landscape sta- 
bility, surface weathering and ini¬ 
tial soil development, potentially 
denser Vegetation cover 

Archaeology: 

Qalkhan, 

Kebaran 

MIS 1 
(<12 ka) 

Al-Ansab, 

Sabra 3-4 

Predominantly erosion, poten¬ 
tially younger phases of aggrada¬ 
tion (undated) 

undated 


Tab. 1 | Phases of landscape evolution in the Wadi Sabra during the Upper Pleistocene (MIS stages 
according to Martinson et al. 
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Introduction 

The aim of this article is to show examples of the impact of human activities on the 
landscape in a selected zone from Southern Syria. This article discusses the archaeological 
evidence that can be exploited to show this impact. The successive survey campaigns 
allow recognition of the different aspects of landscape evolution, due to human activities. 
This study depended on the use of 1:25,000 and 1:50,000 scale Syrian topographic maps of 
the region dating from the sixties of the 20th Century and written in Arabic, besides the 
aerial photographs taken by the French mandate air forces in the 1920s and 1930s, as well 
as those taken by the Russians in 1958, and Google Earth images. All these documents 
have been scanned and are available in digital form and preserved at the UMR 7041, Ar- 
ScAn, APOHR team, Maison Rene Ginouves, l’Archeologie et l’Ethnologie de Nanterre 
in France. 


The Geographie Position 

With the term “Southern Syria,” we mean the volcanic province which is located in the 
south of the Syrian Arab Republic (Fig. [lj. This region consists of the volcanic mountain 
massif of Jabal al-‘Arab which rises above the plateaus of Southern Syria up to an elevation 
of 1800m a.s.l. Jabal al-‘Arab or Djebel Druze, the present dominant habitation by the 
Druze people (Jabal Hauran, the Aurantis of Antiquity), is a large elliptical dorne (about 
60km from north to south and 40km from east to west) and constitutes the core of this 
region, it lies between the plain of Hauran to the west and the desert of Hamad to the 
east. To the north-west extends the broken sea of lava of the Trachon (Leja or Ledja). The 
lava fields of Ledja and the Kraa and Safa are to the northeast. 

The central area of the lava lands is formed by the wide, fertile plain of an-Nuqra 
which is covered with rieh soil of volcanic decomposition that provides excellent arable 
land. To the west are the region borders of the mountains of the Jaulan and the terrains of 
the Golan. In a large part of this region the landscape has been shaped mainly by volcanic 
activities. 


Historical Context 

Conquered by the Assyrians, then by the Persians and the Greeks, Southern Syria was 
heavily settled in the preprovincial period (a term preferred to the pre-Roman or Hellenis- 
tic). 1 Annexed by the Romans in 106, it prospered, as proved by numerous archaeological 
remains. The north-western slopes of Jabal al-‘Arab, an area known for the large Roman 
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1985 


398 . 
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Fig. 1 [ Location of the study area within the Near East (Map modified from the map of The French 
Archaeological Mission in the South of Syria). 


cities of Suweida’/Dionysias, Qanawat/Canatha and Shahba/Philippopolis (Fig.[2j. It was 
Christianized in the Byzantine era. Conquered by Muslim Arabs in 634, it suffered much 
during the Crusades when it was hotly contested. Then the Hauran began to decline, 
the Mongols ravaged several times. It became, thereafter, a pasture for summer nomads. 
In 1688, the Jabal Hauran was settled by the first 1,500 Druzes of Lebanon. The Druze 
conquest continued until 1860. 

From the Ottoman period there exist several administrative records. Some note places 
that were located in Southern Syria, but for settlements that have now disappeared this is 
difficult to corroborate. 2 
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Fig. 2 | Location of the case study area in Southern Syria (Map modified from the map of The French 
Archaeological Mission in the South of Syria), Dentzer-Freydy, Dentzer, and Blanc 


2003 


Case Study: Jabal al-‘Arab Highland Area 

Woodlands in Jabal al-‘Arab contain a wealth of archaeological remains. These often be- 
long to landscapes that pre-date ancient or historic woodland and recent planting. Many 
features survive particularly well because they have not been damaged by cultivation. 
Remains may also include features such as towers, tumuli, wineries, etc. The study area 
extends to the east and south-east of Qanawat and to the east of Si’, and covers around 
40km 2 . 
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Systematic fieldwork could not proceed until the examination of the French man- 
date air forces and Russian photographs besides Google Earth satellite image data, with 
accurate ground control. Subsequently, work has proceeded through a combination of 
the examination of the latter documents supported by ground observation. Fieldwork 
aimed to link features visible on the imagery to broad categories of remains that can be 
identified on the ground, and we can say that the area retains traces of a unique suite of 
archaeological remains. 

While the imagery proved invaluable for the mapping of the Settlements and field 
boundaries, preliminary fieldwork in 2010 and 2011 had revealed that the Settlements 
and their surroundings showed a marked degree of variability, suggesting that the Inter¬ 
pretation of the image data would be much enhanced by a selective program of ground 
observation. The preliminary field investigation of the area was undertaken in order to 
assess the features which could not be readily established from image data, e.g. piles of 
stones resulting from the clearance and the de-rocking of the fields and their relationship 
to nearby structural elements and local topography. 

The first reports describing archaeological sites in Southern Syria stem from nine- 
teenth Century Western travelers. These people generally came to the region with a Bib- 
lical focus, but often had an academic background and a wide interest in many of the 
different aspects of the region. Topics like geography, climate, Vegetation, and the man- 
ners and customs of the local population were given attention, as these could potentially 
provide a better insight into the general setting of the Biblical Stories. 

One of earliest reports describing sites in Southern Syria was Burckhardt’s one, who 
crossed the region during the summer of 1812 on his way from Damascus to Cairo. When 
he visited Qanawat, for example, he said: “the road lying through a forest of stunted 
oaks and Zarour trees, with a few cultivated fields among them.” 3 “There were only 
two Druse families at Kanouat, who were occupied in cultivating a few tobacco fields.” 4 
Apart from that brief description, Burckhardt did not afford any further Information 
about the landscape. But the Information he presented shows that the main village, whose 
inhabitants possess and exploit the majority of the land of our study area nowadays, 
began to be inhabited at the beginning of the nineteenth Century after a long period of 
abandonment. 

Today a considerable amount is known about the archaeological remains in Southern 
Syria. Several surveys have been carried out, e.g .Jabal al-Arab , 5 and a number of sites have 
been the subject of excavation projects, e.g. Si’ 8. b However, when Jean-Marie Dentzer 
started the excavations at Si’ 8 in 1977 the amount of knowledge on the archaeological 
remains present in the region was considerably less. With the continuation of the excava¬ 
tions, from that year onwards as a joint project with the Department of Antiquities, the 
knowledge of the region’s past grew, not least as a result of the aforementioned surveys 
and excavations. 

A familiarity with the region is important not only to understand the framework, but 
also because the landscape observed is not the same as that of today. Intensive farming and 
large-scale building activities have changed the landscape and the features in it. Archaeo¬ 
logical remains like boundaries or building remains have disappeared or been obscured. 

Whereas the region to the east and southeast to Qanawat has a more rugged, hilly 
topography, the region located between Teil Quleib and Si’ is more plain-like in character. 
The geological and hydrological features of this volcanic massif determine the landscape’s 
natural features, as well as the Mediterranean Vegetation of scattered forests and scrubland. 
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The study area has a semi-arid Mediterranean climate characterized by hot, dry summers 
and mild and rainy winters. Nearly all of the rainfall occurs in the winter and spring. The 
mean annual precipitation is between 400 and 600mm, but with considerable Variation 
from year to year, as is typical for Mediterranean climates. In the absence of permanent 
rivers or bodies of water, rainfall, valleys and springs feed the man-made pools. 

In practice most of the rainfall ends up flowing out of the area through small seasonal 
wadis or is contained within depressions where it forms seasonal lakes (Birkets). The lakes 
and wadis can in some years contain water until the early summer, but thereafter, as with 
most of the region, remain dry until the winter. 

The sufficient amount of rainfall the region had made the vine culture and the natu¬ 
ral growing of oak and yellow hawthorn possible. G. Willcox, who studied the vegetal 
remains discovered in the house 101 in Sia, found that, between the second and the 
4th Century AD, the Querem evergreen constituted 40% of the Vegetation and that the 
vine cultivation was an important part of the economy. 7 This fact is reinforced by the 
discovery of wine presses in the area dating to the same period. 

The two major features of the study area are the piles of stone resulting from the 
clearance of fields and the scattered hamlets built with basalt. The use of basalt was en- 
couraged by its omnipresence and by its suitability for use as dressed stone. Its use spread 
to include numerous elements of the buildings, as wood was a more rare commodity. 
The basalt was extracted from quarries located either in the same site of the village to 
be built, or from quarries on the top of hills. In the first case, this practice leads to the 
forming of huge pools to be exploited for the storage of water for the dry season. 8 This 
phenomenon, widely spread in the region, is seen in a form of dark patches on the old 
aerial photographs, inside or in the immediate vicinity of the villages, and as dark green 
or blue patches on Google Earth images. 

Human occupation on the basalt hills began with the clearance of stones from the 
soil and the building of the first, as yet modest, villages. Land reclamation through the 
removal of surface and subsurface rocks and stones carried out manually in the past, and 
recently by heavy equipment, known as ‘de-rocking,’ was the main intervention towards 
expanding cultivable areas and increasing production through land reclamation, partic- 
ularly through the de-rocking of areas with high potential for agriculture. This aspect 
is comparable to the one observed in the region of Horns. 9 Farming activity initially 
involved Clearing stones from land designated for crops, followed by the construction of 
numerous low walls for protection, soil retention and demarcation of plot boundaries in 
accordance with Roman rules. These low walls marking out the cultivated areas are still 
very visible in the landscape today. 10 The fields in the south of Jabal al-’Arab take two 
different shapes, orthogonal and polygonal. 11 This leads to a permanent alteration of the 
visual landscape, including piles of stones that appear on the old aerial photographs, as 
well as on the Google Earth images, in a form of white spots. 

The human impact on the landscape was characterized by growing mastery over the 
soil, notably by the building of low walls to protect the fields from erosion as much as 
to mark out their perimeters, giving tangible form to the agricultural plot plan (Fig. [3j. 
When the population expanded, they extended farming into areas normally considered 
as marginal. When the population was in decline, they abandoned prime farmland and 
allowed it to revert to its semi-natural form. Much of this activity has been cyclical and 
highly dependent on economic trends in agriculture and investment by landlords. 


7 

8 

9 

10 
11 


Willcox 1999 
Braemer 1988 
Philip et al. 
Gentelle 


1985 

Villeneuve 


712, 714. 
101 . 

6 . 


2002 
35. 


1985 


126, 128. 
















242 


Chadi Hatoum 



Fig. 3 | General view of the 
landscape of the study area to 
the east and southeast of 
Qanawat. The straight Roman 
road and the Organization of 
fields on both its sides are clear, 
besides the terraces and the 
boundaries of fields running 
down the abandoned slopes 
(Photo by the author). 


Historie buildings, which are ruinous in this region, make a fundamental contribu- 
tion to the character of the present-day landscape. The structures situated on farmland 
can ränge in date and type from ruined preprovincial villages and fortified hamlets to 
Byzantine monasteries. In some landscapes, such as the hills to the east and southeast 
of Qanawat, the ancient hamlets called “khirbets” are numerous and dominate the land¬ 
scape, some have been visited and described by Butler, e.g. Khirbet al-Khissin that he 
called “Town”. u In other areas, their contribution is more subtle but still important in es- 
tablishing local identity and sense of place. They provide unparalleled evidence, through 
their siting in the vicinity of villages or in the open countryside, for the long history of 
settlement in the Jabal al-‘Arab landscape and, through their scale, use of materials and 
layout, they illustrate the homogeneity of local and regional aspects concerning geology 
and building tradition. Here, villages are often still surrounded by surviving patterns of 
ancient field boundaries. 13 The regulär pattern of stone walls belongs to an enclosure 
landscape. 


Conclusion 

With a long history of human exploitation, land resources in Southern Syria, as in other 
Mediterranean countries, have been subject to increasing pressure for thousands of years. 
The examination of the French mandate air forces and Russian photographs besides Goog¬ 
le Earth satellite image data has permitted the detailed investigation of patterns of land¬ 
scape modification through much of the twentieth Century, and will highlight those 
landscapes that are at greatest risk from development. 

De-rocking and stone Clearing are a longstanding land reclamation practice used by 
Syrian farmers for thousands of years. Farmers made significant efforts to clear their 
land by traditional methods. They adapted the de-rocking as an efficient mechanism for 
expanding cultivated land. 
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1 Introduction 

Düring the Holocene, Late Glacial aeolian deposits throughout the European sand beit 
were reactivated as sand drifts. 1 The well-documented lack of synchronicity in the tem¬ 
poral and spatial distribution of Holocene dune activity clearly argues against any single 
major external force as the main trigger of this reactivation process, but rather points 
towards localised nuclei and human impact. 2 In the Netherlands, most sand drifts date 
from the high- to post-medieval period. 3 Their formation was probably connected to an 
intensification of land use in settlement peripheries ( outfields ), but contextual evidence 
for this is scarce. 4 

In recent years, archaeological excavations have produced a growing body of evidence 
for the existence of prehistoric sand drifts along terraced Dutch river valleys (Fig. [T}. 
The archaeological context of these sand drifts strongly suggests that they are (largely) 
anthropogenic in origin and that they were originally situated in settlement infields. We 
conclude that early reclamations of dune fields along river valleys had disproportionately 
large consequences, as they exposed a landscape in a state of incipient instability to ero¬ 
sion and ‘desertification.’ 


2 Observations 
2.1 Meuse Valley 

Archaeological excavations within a major dune field near Wijchen revealed two prehis¬ 
toric sites covered by drift sand. At the site of Wijchen-Martensterrein (Fig. [lj WMa), 
the major drift sand phase left an unstratified aeolian deposit of up to 3m thick which 
separated Middle from Late Neolithic deposits (Fig. |5j see Tab. [lj 1,2). 5 Intense sand 
drifting can be associated with the earliest agricultural phase of the Middle Neolithic. 
An arable layer dated archaeologically to the Late Neolithic and Early Bronze Age forms 
the topsoil of the aeolian deposit, an indication that the sand drift had by then stabilised. 
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Fig. 1 | Dunes along terraced 
river valleys in the Netherlands, 
with site names mentioned in 
the text. 


Agricultural activity from the Middle Bronze Age onwards sparked off a renewed phase 
of sand drifting characterised by several Sedimentation phases (including the Late Bronze 
Age [3,4] and Middle Roman period [c. AD 200] periods), but these events only resulted 
in locally restricted and thin drift sand deposits. A similar example of intense first-phase 
sand drifting is found nearby, at the Meshallen site (WMs). Here, a substantial accumula- 
tion of drift sand (up to 1.5m of largely unstratified deposits) was archaeologically dated 
as being younger than c. 1100 BC. 6 


2.2 IJssel Valley 

At the Epse-Waterdijk site (EWa), reactivated Late Glacial sand dunes form an extensive, 
up to 1.5m thick deposit. 7 This drift sand was deposited on top of an Early Bronze Age 
field and accumulated in the course of the Middle or Late Bronze Age (5). At Deventer- 
Molenbelt (DVMo), an arable layer, buried by moderate drift sands and archaeologically 
dated to the Iron Age, forms the topsoil of a thicker accumulation of drift sand, 8 pre- 
sumably dating from the Middle or Late Bronze Age (6,7). At both sites, the largely 
unstratified deposits suggest short-lived but intense events. Elsewhere along the IJssel Val¬ 
ley, other late prehistoric sand drifts were found at the Zwolle-Stadshagen site (ZWSt 9 ). 
Radiocarbon dates indicate that these sand drifts date to the Middle Bronze Age (8,9). 


2.3 Oude IJssel Valley 

At the Gaanderen-Beekstraat site (GBe), drift sand was deposited on top of a fossil plough 
soil which has been dated archaeologically to the Late Neolithic/Early Bronze Age. The 
oldest settlement traces in its topsoil presumably date from the Late Iron Age. 10 
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Fig. 2 | Boxplot of 
radiocarbon-, OSL- and 
archaeologically dated sand 
drifts mentioned in the text 
(terminus post quem, - ante 
quem and depositional ages). 
Archaeological periods 
abbreviated: EN, MN, LN 
(Early, Middle, Late Neolithic); 
EB, MB, LB (Early, Middle, Late 
Bronze age); EIA, MIA, LIA 
(Early, Middle, Late Iron age); 
RP (Roman period); EMA, 
HMA, LMA (Early, High, Late 
Middle Ages). 
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2.4 Regge Valley 

The archaeological Nijverdal-Eversberg site (NEv) is situated on top of a Late Glacial 
dune field along the Regge Valley. Settlement traces date back to the Middle and Late 
Neolithic, Bronze Age and Iron Age. 11 Along the fringes of the dune field, up to 0.5m 
of drift sand deposits accumulated on top of a 0.4-0.5m-thick arable layer, OSL-dated 
1570-1010 BC (10). Micromorphological analysis indicates that the arable layer reached 
this considerable size because drift sand accumulated whilst the field was in use. 12 OSL 
samples taken from the drift sand produced a date of 1760 to 1020 BC (11,12: Middle 
to Late Bronze Age), which corresponds to the date of the buried arable layer. Appar- 
ently, Bronze Age farmers abandoned their fields as wind erosion and sand accumulation 
further intensified. 13 


2.5 Vecht Valley 

The high-relief dune fields along the lower Vecht Valley (G: Vechte) have been inhabited 
since early prehistory. 14 Düring the Iron Age, Settlement density increased significantly. 15 
The Varsen-Varseneres site (VVe) is located on a prominent sandy ridge. Holocene dune 
reactivation began with minor accumulations of windblown Sediment, which produced a 
radiocarbon date of 1896-1773 BC (13) and were deposited on top of an intact older soil. 16 
These oldest drift sand deposits were then covered by a massive, c. lm-thick accumulation 
of dune sand, which has been dated archeologically to the Middle to Late Iron Age (14) 
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and early Roman period. 17 After a period of relative inactivity, these sand drifts were 
again covered by a thin layer of drift sand, followed much later by the accumulation of a 
plaggen soil. 

The late prehistoric Settlement at Emlichheim-Lamberg (ELa; Germany) is more or 
less Contemporary with Varsen-Varseneres. As was the case at Nijverdal-Eversberg, the 
plough soil on the fields around Emlichheim-Lamberg attained a considerable thickness 
(up to 0.5m) due to the continuous accumulation of drift sand. The Settlement and fields 
were abandoned in the Early Iron Age following a catastrophic erosion episode which 
buried the site beneath as much as 5m of drift sand. 18 This catastrophic erosion was 
probably anthropogenic in origin. 


2.6 Dinkel Valley 

The sand drifts at the Denekamp-De Borchert site (DBo) are roughly Contemporary with 
Varsen-Varseneres and Emlichheim-Lamberg. At Denekamp-De Borchert, Late Glacial 
cover sand was blown into an inactive channel of the River Dinkel. The deposits have 
been dated to somewhere between 763-409 BC (15) and AD 50 (16). 19 


3 Discussion 

3.1 Are the Observed First-Phase Sand Drifts Anthropogenic? 

In all these cases, sand drifting is a phenomenon clearly tied to Settlement infields, and all 
observed instances correspond to, or immediately follow upon, phases of agricultural ac- 
tivity. Several of the sites presented in this paper (Wijchen, Denekamp, Emlichheim) have 
produced excellently preserved hoof prints and plough marks directly beneath drift sand 
deposits. In our opinion, this is a strong indication that farmers were forced to move their 
fields as these were being destroyed by drift sand. Dunes along riverbanks were preferred 
Settlement locations during prehistory, 20 and there is strong archaeological evidence for 
intensive late prehistoric land use and Settlement. 21 As in the studies by Hilgers 22 and 
Tolksdorf and Kaiser, 23 dates of prehistoric sand drifts cluster between 1500 and 1000 
BC, i.e. Middle to Late Bronze Age. Many archaeological sites representing settlements or 
farmland were covered by aeolian sand at that time. 24 Archaeological evidence shows that 
around 1500 BC, Settlement mobility decreased and agricultural land use intensified. 25 
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How Can the Substantial Scale and Incidental Nature of the 
Observed Sand Drifts Be Explained, and why Do the Sand Drifts 
along Terraced Dutch River Valleys Predate those in Cover Sand 
Areas? 

The Late Neolithic appears to have been the first period of sudden and intensive dune re- 
activation (2500-2000 BC 26 ), which is usually linked to the intensification of agricultural 
activity 27 and woodland clearance in the European Plain. 28 However plausible intensifi¬ 
cation may be as a partial explanation, it does not fully explain the timing, distribution 
and intensity of the observed sand drifts. Here, conditions prior to reclamation seem 
to have been influential. As early as the late Atlantic (c. 4500 BC; Early Neolithic), a 
natural process of podzolisation and soil depletion set in, which affected the nutrient- 
poor aeolian soils alongside river valleys, such as those of the dune fields of Wijchen 
(Teunissen 29 : pollen zone HV4b/5). This onset of soil depletion amply predates the early 
reclamation phase, and also precedes the depletion of the more fertile and loamy cover 
sand soils. 30 It is thus quite possible that natural soil depletion prior to the arrival of the 
earliest farmers had brought the high-relief sand dunes alongside the river valleys into a 
state of what geomorphologists call “incipient instability.” 31 This condition is intrinsic 
to geomorpological Systems where substantial changes in an external variable 32 are not 
always required for a geomorphic threshold to be exceeded, and for a significant geomor- 
phic event to ensue. 33 This would help to explain our observation that on several sites 
only moderate sand drifting has been observed following more severe first-phase erosion, 
although environmental pressure at these sites became more profound. In our opinion, 
the abrupt erosional and depositional prehistoric events at e.g.Wijchen-Martensterrein 
(Middle Neolithic), Nijverdal-Eversberg (Middle or Late Bronze Age), Epse-Waterdijk 
(Middle or Late Bronze Age), Wijchen-Meshalle, Deventer-Molenbelt (Late Bronze Age?) 
and Emlichheim-Lamberg (Early Iron Age) should be interpreted as non-linear geomor¬ 
phic responses to relatively small anthropogenic perturbations. 


Conclusion 

The archaeological context of prehistoric sand drifts along Dutch river valleys suggests 
that they are largely anthropogenic, and that their occurrence corresponds to phases of 
early agricultural activity. After the local introduction of agriculture, small, short-lived 
changes appear to have produced disproportionately large results. On the basis of the 
available data we propose the hypothesis that natural soil depletion prior to the Start of 
reclamation may have been an important trigger of intense aeolian Sediment relocation. 
As they were ploughing fields and creating pasture for cattle, early farmers tore up already 
impoverished soils and over-exposed the until then fixated Late Glacial sandy landscape 
below, thereby sparking off intense sand drifting. This observed non-linear response sug¬ 
gests a form of geomorphic change that does not correspond to proportionally large ex¬ 
ternal forcings, but is instead characteristic of landforms in a state of incipient instability. As 
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a result, the first (substantial) reclamations on high-relief aeolian landforms had a far 
more dramatic effect than later reclamations on a larger scale and on the same sites. This 
questions the general assumption that the environmental impact of relatively small-scale 
prehistoric activities was limited. 
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(cf. Figs. 1,2) 
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Tab. 1 | List of sand drift ages (terminus post quem and terminus ante quem dates unless otherwise stated). 
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Human impact on the landscape of the Masurian Lakeland in the Roman Period de- 
pended on three groups of factors connected with settlement, economy and symbolic 
activity. The outcomes of this impact were: local deforestation, soil and young glacial 
relief erosion, the development of new anthropogenic plant communities, changes in 
the composition of tree species and the implementation of new, cultural elements to the 
landscape. Sources of knowledge concerning these changes are the results of archaeologi- 
cal research, and palynological, archaeobotanical, palaeolymnological, geomorphological 
and pedological analysis. Each attempt at reconstruction of local palaeolandscapes was 
connected with a definite area of a settlement micro-region, occupied by a separate social 
group, and required a database as complete as possible containing the results of all the 
aforementioned research and analysis. Only in this way could reliable results, including 
the spatial distribution of individual elements creating landscapes, be reached. 

The state of knowledge about the settlement pattern of the Bogaczewo culture in the 
Masurian Lakeland is insufficient and is based mostly on single sources which are cemeter- 
ies. So far around 123 cemeteries of this culture have been discovered and excavated here 
(Kg# More advanced studies of settlement micro-regions were carried out only in two 
areas: at the Mr^gowian Lakeland (micro-region of Sal§t lake) and at the Great Masurian 
Lakes District (micro-region on the north shore of paleolake Wons. Fig. |T]). 1 Luckily, 
cemeteries are regarded as the most permanent elements of the settlement network. 2 So, 
on this basis we are able to obtain a very general picture of the settlement pattern of 
the Bogaczewo Culture. There have been fewer excavations of Settlements. Most of these 
types of sites were excavated during periods of research into cemeteries. 3 

The economy of the inhabitants of the Masurian Lakeland in the Roman Period and 
the early phase of the Great Migration Period is still not understood in detail. On the basis 
of the results of archaeobotanical, archaeozoological and petrographical analysis, made at 
individual archaeological sites, we are only able to name major economic activities and 
exploited resources: agriculture, animal husbandry, collection of wild plants, hunting, 
fishing, the use of plant and animal resources (wood, leather, animal hair, plant fibres, 
bones and horns), use of mineral resources and fossil resins. In the case of agriculture, be- 
sides the Identification of cultivated plants, thanks to the macroscopic remains of weeds, 
the reconstruction of the state of agricultural development is also possible. But we are 
still unable to define the role of the particular activities mentioned above in the whole 
economy, as well as the intensity and directions of anthropopressure caused by these kinds 
of activities. 4 
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Fig. 1 | Location of: 1/ cemeteries and excavated Settlement micro regions of Bogaczewo Culture, II/ areas 
of geological-geomorphological and palaeopedologiical research, III/ palaeolimnological research, IV/ 
pollen records with preserved subatlantic pol len grains in the area of the Masurian Lakeland on the 
background of modern hydrography and V/ lakes with laminated and partly laminated Sediments. See 
Table[l]for the sites mentioned here. 


Location of cemeteries and excavated settlement micro regions of the Bogaczewo Culture 
(marked in red) 

1-2 Babi?ta site I and II, 3 Bartlikowo, 4 Bogaczewo-Kula, 5 Borzymy, 

6 Brejdyny, 7 Bronikowo, 8 Chochol, 9 Czyprki/Malinka/Szczepanki, 
10 Doba, 11-12 Gqsior site I and II, 13 Giertoz, 14-15-16 Gizycko 
site I (1), II (2), 18, 17 Gorkto, 18 Gr^dy Kruklaneckie, 19 Grodzisko, 
20 Grzybowo, 21 Guty, 22 Gwiazdowo, 23 Imionek, 24 Inulec, 25 
Jasieniec, 26 J?drychowo, 27 Kal, 28 Kalinowo, 29 Kamienna Struga, 
30 Kamien, 31 K^trzyn, 32-33 Kiejkuty Stare site I and II, 34-35 Knis 
site I and II, 36-37 Koczek site I and II, 38 Konczewo (Koncewo), 39 
Kosakowo, 40-41 Kosewo site I and II, 42 Kruklanki, 43 Kumielsk, 44 
Lechlin (Zyfeld), 45 Lesniewo, 46 Lipnik, 47 Labapa, 48 Lab?dziewo, 
49 Lawki site 4, 50 Lazne, 51 L?zany, 52 Luknajno, 53 Machary, 54-55 
Marcinkowo site I and II, 56-57 Mi^tkie site I and II, 58 Mikolajki, 
59 Mojtyny, 60 Mozdzany, 61 Muntowo, 62 Nawiady, 63 Nikutowo, 
64 Nowiny, 65 Odoje, 66 Ogonki site 1, 67 Onufryjewo, 68 Orzysz, 
69 Paprotki Kolonia site 1, 70 Pieczarki, 71 Pisz, 72 Popielno, 73 
Przerwanki, 74 Przytuly site 1, 75-76 Radzieje site I and II, 77 Reszel, 
78 Romoty, 79 Rudowka, 80 Ruska Wies near Elk, 81 Ruska Wies (in 
the vicinity of W?gorzewo), 82 Rydzowka, 83 Skomack Maly, 84-85 
Skomack Wielki site I and II, 86 Skorupki, 87 Skrzypy, 88 Sorkwity, 
89 Spychowko, 90 Srokowo, 91 Stare Kietbonki, 92 Staswiny site 11, 
93 Sterlawki Male, 94 Sterlawki Wielkie, 95-96 Str^giel Wielki site 

I and II, 97 Susnik, 98 Sypitki, 99 Szwatk, 100 Swi?ta Lipka, 101 
Talty, 102 Trygort, 103 Tuchlin, 104 Turw^gi, 105 Wawrochy, 106-107 
Wegorzewo site I and II, 108 Wigryny (Wygryny), 109 Wilkasy, 110 
Wojsak, 111 Woznice, 112 Wolka near K^trzyn, 113 Wolka district 
Mr^gowo, 114 Wrony, 115 Wyszembork site IVa, 116 Wyszka, 117 
vicinity of W?gorzewo, 118 Zdedy, 119 Zdory, 120 Zelwqgi, 121 Zyz- 
droj Nowy, 122 Zywki. 

Jaskanis 1977; Karczewski 
2001; Karczewski 2011 
Nowakowski 2007 


continued on the nextpage 
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Location of areas of geological-geomorphological and palaeopedological research (marked in 
orange) 

1 Paprotki Kolonia site 1 and 41, 2 Przytuly site 1. | Karczewski:2011| 

Location of palaeolimnological research (marked in yellow) 

1 lake Kruklin, 2 paleolake Staswiny (Staswinskie peat-bog), 3 palaeo- 
lake Wons (Nietlice peat-bog). 

Karczewski 

2011 

Location of pollen records with preserved subatlantic pollen grains (marked in blue, a spot = 
pollen diagram of archival value, a square = pollen diagram of full scientific value) 

1 Borki, district Elk, peat-bog west of the village Borki 

Groß 1936; 

Kupryj anowicz|2002 

2 Dgal Wielki (lake) 

Filbrandt-Czaj a|2000j 

3 Gromskie (lake), district Szczytno 

Groß 1936; 

Kupryj anowicz|2002 

4 Jegocin (lake) 

Stasiak 1967 

5 J^dzelek (lake) 

Kupryj anowicz 2008b 

6 “Kamienna Gora”, district Olsztyn, small peat-bog at the foot of 
“Steinberger Endmoräne” 

Groß 
2002 ; f\ 

1936| Kupryjanowicz 
.upryj anowicz [2008a 

7 Kruklin (lake) 

Stasiak 1963|; Stasiak 1967 

8 Lazduny (lake) 

NORPOLAR 

www.norpolar.ug.edu.pl 


9 Mamry (lake) 

Stasiak 

1967 

10 Mazuchowka (in former times lake Feldsee) 

Groß 1935a; Groß [1938 

Kupryj anowicz|2002 

11 Mikofajskie (lake) 

Ralska-Jasiewiczowa 1966 
Ralska-Jasiewiczowa 1982 
Ralska-Jasiewiczowa 1989 


12 Mikofajskie (lake) 

Stasiak 

Stasiak 

11966, Stasiak 1967 

1971 

13 Milkowskie (lake) 

Wacnik 2005a; Wacnik|2005b 

Wacnik 2008; Wacnik 2009a 
Wacnik 2009b 

14 Sal?t (lake) 


15 Staswinskie L^ki (in former times lake Staswinskie) near the village 
Siemionki 

Groß 1935b; Kupryjanowicz 
2002 

16 Szczepanki (Staswinskie Lqki) 

Wacnik and Ralska-Jasiewi- 
czowa|2008| 

17 Szeroki Bor 

Breitenfeld and Mothes 1940 
Kupryjanowicz|2008a 

18 Sniardwy (lake) 

Stasiak 

1971 


19 Taity (lake) 

Stasiak 

1967 

Stasiak 197 lj 

20 W^giel (lake) 

Stasiak 

1971 


21 Wojnowo (lake) 

Wacnik|2009a 

Location of lakes with laminated (L) and partly laminated (TL) Sediments (marked in green) 

1 Biafofawki (TL), 2 Czarne (L), 3 Garbas (erroneously: Garbas) (TL), 

4 Gf^boka Kuta (L), 5 Kot (L), 6 Lernet (TL), 7 Przykop (L), 8 Rz^sniki 
(L), 9 Silec Mafy (erroneously: Siniec Mafy) (TL), 10 Swi^tajno (L), 11 
Zabinki (erroneously: Zabinskie) (L). 

Tylmann et al. 2006 


Tab. 1 | Sites mentioned in Fig.[l] 


The symbolic culture of the inhabitants of the Masurian Lakeland in the first stages of 
our era is one of the best understood topics of Bogaczewo Culture, unfortunately limited 
only to burial rituals. 5 So far, research on this subject was mostly focused on the spatial 


5 The term “symbolic culture” used in this paper refers to this part of archaeological and palaeoenvi- 
ronmental data which reflects patterns of behavior and values connected with beliefs and patterns of 
manners intruded by religion, tradition and customs Palubicka 


1987 


203-206. 
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layout of cemeteries, the typology of graves and the furniture of the deceased, the location 
of pyres and so-called “horse graves.” 6 Relations to the environment, its role in burial rites 
and sacred landscapes, with the exception of the cemetery at Paprotki Kolonia site 1, have 
not been mentioned. 

The Masurian Lakeland, especially the Great Masurian Lakes District, is an area 
where several pollen diagrams have been made. Among 21 such diagrams, fifteen have 
extensive scientific value and six have only an archival significance (Fig. [l]). Unfortunately 
most of them have come from large lakes and peat-bogs, so they contain regional pollen 
records reflecting human impact at a regional scale. 

Local anthropopresure on plant cover can be recognized on the basis of macroscopic 
plant remains uncovered at archaeological sites. So far such analyses were made only in 
five cases: three Settlements (Paprotki Kolonia site 41, Stare Kiclbonki (Lawny Lasek) site 
III, Wyszembork site I) and two cemeteries (Paprotki Kolonia site 1, Wyszembork site 
IVa). In the case of each site the ränge of analyses was different (Tab.[2|. 

Palaeolymnological, geomorphological and pedological research connected with stud- 
ies in environmental archaeology has been conducted so far in the Masurian Lakeland to a 
lesser degree than palynological and archaeobotanical analysis. Reconstructions of water 
level oscillation and bottom relief have been made in the case of only three lakes: Kruklin, 
palaeolake Staswiny and palaeolake Wons (Fig. [l}. 7 Geomorphological and pedological 
analyses of separate sites and Settlement micro-regions were conducted at the cemetery at 
Przytuly site 1 and at the micro-region on the north shore of palaeolake Wons (Fig. ml. 8 

The state of multidisciplinary research on man and environment in the Roman Period 
and the Great Migration Period in the area of the Masurian Lakeland makes research into 
the human impact on landscapes in the aforementioned periods and places very limited. 
The most complete studies on this subject were carried out in the case of the Settlement 
micro-region of the Bogaczewo Culture on the north shore of palaeolake Wons in the 
Great Masurian Lakes District. Reconstructions of palaeolandscapes of this micro-region 
are based on the results of two interdisciplinary projects focused on the relations be- 
tween people and the environment: “Environmental conditions of the Settlement of the 
Galindai tribe discovered at Paprotki Kolonia site 41, Suwalki province (1997-1999)” and 
“Sacrum et Natura. Results of researches on the cemetery of Bogaczewo Culture at Papro¬ 
tki Kolonia in the Great Masurian Lakes District (2005-2008).” Several analyses including 
geological-geomorphological and pedological studies, reconstruction of palaeolymnolog¬ 
ical features of palaeolake Wons, palynological, archaeobotanical, archaeozoological and 
archaeoichtiological analysis as well as archaeological and anthropological studies were 
made as a result of the aforementioned projects. 9 

The first aim of palaeolandscape studies was the reconstruction of the probable ränge 
and borders of Settlement micro-regions on the north shore of palaeolake Wons. On 
the basis of archaeological and palaeoenvironmental data, including the distribution of 
archaeological sites and information on surface relief, soil cover and palaeohydrography, 
the following probable borders were recognized: to the north a chain of moraine moun- 
tains called Paproteckie Hills, with heavy clay and gravelled soils, completely devoid of 


6 

7 

8 

9 


Karczewska and Karczewski 2007 
Poplawski 2002 


Stasiak 


1963 


i 200: 

BanaszuÜT Z()02| 7-9 Fig. I- 


200-207. 
Guminski 


Karczewski et al. 


2009 


133- 


3 

143. 


2008 

SiemaszKÖ 


2007 


488; Karczewska et al. 


2009 


57-59, 68-71 Fig. 3; 


Authors of the analysis: Prof. Piotr Banaszuk, M.A. Michal Wardynski (geology, geomorphology, 
pedology, reconstruction of the ränge of north shore of palaeolake Wons in the vicinity of the ceme¬ 
tery and Settlement), Prof. Miroslawa Kupryjanowicz (palynology), Dr. Aldona Mueller-Bieniek, 
Dr. Ewa Piroznikow (archaeobotany), M.A. Katarzyna Cywa, M.A. Zofia Tomczynska (carpology), 
M.A. Tomasz Poplawski (reconstruction of bathymetry of paleolake Wons), Dr. Anna Gr?zak (archaeo- 
zoology), Prof. Daniel Makowiecki (archaeoichtiology), Dr. Malgorzata Karczewska (archaeology and 
anthropology), Dr. Maciej Karczewski (archaeology, leader of both projects). 
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N° 

Site N“ 

Type of site 

Type of macroscopic 
plant remains 

Literature 

1 . 

Paprotki Kolo- 
nia site 1 

flat cremation 
cemetery 

pieces of wood 

Cywa2010 Karczewsl 

d 2011 

remains of cultivated 
and wild grown plants 

Bieniek|2007; Bieniek 2008; Kar- 
czewski et al. 2009; Karczewski 
|2011| 

charcoals 

Tom 

2005 

czynska 2003 
Tomczynska 

Tomczynska 
2007 Cywa 

2006 

2011 

Cywa 2007 Karczewski 

2. 

Paprotki Kolo- 
nia site 41 

settlement 

remains of cultivated 
and wild grown plants 

Kare 

wski 

zewski et al. 2009j Karcze- 

2o"n] 

charcoals 

Tom 

2011 

czynska 2002 

, Karczewski 

cultivated and wild 
grown plant marks in 
clay 

Muel 

ler-Bieniek 2009 


3. 

Stare Kielbonki 
(Lawny Lasek) 
site III 

settlement 

remains of cultivated 
plants 

Mellin-Wyczotkowska 

2007 

4. 

Wyszembork 
site I 

settlement 

remains of cultivated 
and wild grown plants 

Wasylikowa 1979, 
ryn 1993 

Okulicz-Koza- 

5. 

Wyszembork 
site IVa 

flat cremation 
cemetery 

pieces of wood 

Michniewicz (in press) 



Tab. 2 | List of archaeological sites of the Bogaczewo Culture from the Masurian Lakeland with charcoal 
and other macroscopic plant remains. 


Settlement traces; to the south—reconstructed on the basis of palaeohydrological data— 
the north shore of palaeolake Wons, occupied by Settlements; to the east the still existing 
lake Buwelno; and to the west the isthmus between two palaeolakes (Wons and so-called 
Green Swamp) with relicts of the cemetery. 10 

Another particular aim of both projects was reconstruction of the limnological char- 
acteristics of palaeolake Wons. In the first ages of our era it was a large, rather shallow 
lake consisting of two basins separated by a shoal. In the second half of the 17th Century, 
when the lake still existed albeit in a vestigial state, the eastern basin was called “Groß 
Wons” and the Western “Klein Wons.” Detailed analysis of the shape of the north Coastal 
line in the vicinity of the cemetery showed that the area ca. 50m south of the shore, 
depending on yearly water level oscillation, was either flooded or was an area of several 
small, separate shallow water basins. The open depth of the lake began ca. 50m south of 
the small elevation occupied by the cemetery. 11 

The reconstruction of plant cover in the area of the micro-region on the north shore 
of palaeolake Wons was possible thanks to three pollen diagrams from the lakes Milko- 
wskie, Wojnowo and Jgd/.elek. 12 The distribution of these lakes meant their pollen de- 
posits included pollen records of plant cover from the micro-region on the north shore 
of palaeolake Wons and the neighboring settlement micro-regions connected with ceme- 
teries at Staswiny (Lake Wojnowo), Bogaczewo-Kula, Gorklo and Lawki (Lake Jgdzelek) 
(Hg- 0 - Pollen records showed that in the vicinity of palaeolake Wons in the Roman 
Period and Great Migration Period there were extensive forested moraine hills, covered 


10 

11 

12 


Karczewski 
Poplawski 
63-64. 
Karczewski 
et al. 


2002 | 171; Karc zewski et al. 
arczewski 


2006 


2007 


12-17. 


56, 58; Rarczewski 2008,52, 61-62, 68 Fig. 6; Karczewska et al. 2009, 


2009 


2002 


4. 


170-171; Wacnik 2005a] Kupryjanowicz|2008b Wacnik 2009a; Wacnik 2009b; Madeja 
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with soils that evolved on sand and gravel subsoil and occupied by pine and mixed forests 
dominated by pine ( Pinus sylvestris) and oak (Quercus). Less space was covered by mul- 
tispecies deciduous forests with lime ( Tilia ), oak Quercus), hornbeam ( Carpinus ) with a 
mixture of elm tree (Ulmus), maple (Acer), hazel (Corylus), buckhorn (Rhamnus), cornel 
(Cornus sanguinea) and rowan tree (Sorhus aucuparia cf.) as brushwood. Heavy clay soils 
were occupied by deciduous forests with hornbeam (Carpinus) and oak Quercus). 13 The 
predominance of heavy clay soils in the Settlement micro-region on the north shore of 
palaeolake Wons shows that these types of soils were probably overgrown by deciduous 
forests of the bright oak forest type. Humid, rieh soils were habitats of hornbeam ( Carpi¬ 
nus) with a small mixture of elm tree (Ulmus) and ash tree (Fraxinus), as well as beech 
(Fagus sylvatica) and hazel (Corylus) as brushwood. The shores of palaeolake Wons were 
overgrown with alder swamps. 14 On the north shore of this palaeolake small open areas 
were situated, occupied by three small open settlements, a cemetery, fields and meadows 
with ruderal, segetal and meadow plant communities. 

The results of palaeoenviromental and archaeological studies of the Settlement micro- 
region at the north shore of palaeolake Wons allow us to point to three different areas 
of palaeolandscape. The first one, situated at the north part of the micro-region, at the 
beit of moraine elevations, was an area of almost natural wooded landscape, perhaps 
with anthropogenic modifications on a small scale. The second one was an economic- 
settlement landscape. It covered the territory of a ca. 300-400m wide beit of a nearly 
flat area directly on the north shore of the palaeolake, probably woodless, with villages 
surrounded by fields and meadows. An element of this landscape was certainly the Coastal 
part of the palaeolake. The third area was the space of the sacred landscape, situated at 
the Western edge of the Settlement micro-region around the cemetery. It consisted of a 
deforested area of the cemetery, Coastal zones of two palaeolakes situated directly to the 
north and to the south of a small elevation occupied by the cemetery, and wooded areas 
in different habitats in the nearby vicinity. 

The cursory nature of the palaeolandscapes of the Settlement micro-region of the 
Bogaczewo Culture at the north shore of palaeolake Wons demonstrates the static char- 
acter of the reconstruction, caused by the state and types of available sources. But it must 
be emphasized that this is only the beginning of studies of the palaeolandscapes of the 
Masurian Lakeland during the first millennium AD. 


13 

14 


Wacnik 2009a] 27 Fig. 3.4; Kupryjanowicz|2008b| 
Kupryj anowicz|2008b| 
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Introduction 

The role of fire in the prehistoric complex land-use history of European mountain areas 

has long been underestimated. Previous palaeoenvironmental studies focussing on 
long-term fire ecology indicate that in the Alps most disturbances since ca. 4000 yr BC 
were of human origin and fire was the decisive tool. 1 These palaeo fire reconstructions 
are available from an array of natural archives that register fire at different scales and 
resolutions. 2 While the abundance of microscopic charcoal particles in lakes, peat bogs 
and marine deposits can be used as a proxy for past regional fire activities, more local 
Information can be derived from soils. 

In the Northern Alps wild fires are very rare and therefore most signs of past fires 
can be regarded as anthropogenic. Various charcoal layers in the high montane-subalpine 
soils (1000-1800m a.s.l.) above the village Bartholomäberg (Montafon, Austria) point to 
a close correlation between fire, land-use history and soil development. According to the 
palaeoecological and archaeological research, different phases of land-use and Settlement 
activity from Early to Middle Bronze Age (1800-1550 BC), Iron Age (800-15 BC) and the 
High Middle Ages (9th-13th Century) could be detected so far. 3 In order to record past fire 
activity, the fire history will be reconstructed by means of microscopic charcoal particles 
from a peat bog and macroscopic charcoal layers in soils. Combining geoarchaeological, 
palaeoecological and archaeological results should offer more detailed insight into the 
temporal and spatial distribution of fire activity and its consequences in high mountain 
regions. 


Study Site and Archaeology 

The Montafon valley is located in the Southern part of Vorarlberg (Austria). It is en- 
closed within the mountainous ridges Verwall, Silvretta and Rätikon. The small village 
Bartholomäberg (900-1400m a.s.l.) is situated on the south exposed slopes of the Itonskopf 


This geoarchaeological project was supported by the German Foundation (DFG, RO 3889/1-1) and 
program Junior Scientists in Focus (Goethe University, Frankfurt, Germany). I would like to thank all 
members of the “Montafon project” led by Prof. Dr. Rüdiger Krause (Goethe University, Frankfurt, 
Germany) and am grateful to the Mayor of Bartholomäberg Martin Vallaster, the community and all the 
landowners, who allowed us to undertake extensive field studies. 
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(2089m a.s.l.) above the town of Schruns (689m a.s.l.). This region belongs to the northern 
edge of the crystalline Zone which consists mainly of phyllite gneiss and mica schist 
at the base and sand, clay and marl limestone in the upper section. 4 The climate of 
the Montafon Valley is temperate with an intermediate position between sub-oceanic 
and subcontinental conditions. In Schruns the annual mean temperature is 7.4 °C and 
precipitation reaches 1243mm. 5 The present Vegetation is dominated by subcontinental, 
interalpine spruce-fir forest with meadows and pastures in the subalpine region. Accord- 
ing to palaeoecological and archaeological investigations Bartholomäberg has been settled 
since the Early Bronze Age. 6 Settlement activity resumed from the Later Hallstatt Period 
to the Early La Tene Period. 7 Evidence for Bronze Age exploitation of copper is lacking so 
far, but first traces of Late Iron Age mining activity were found in association with heaps 
and mining debris. In the historical source Churrätisches Reichsurbar (842 AD) smelting 
furnaces in this region are mentioned. In Bartholomäberg it is assumed that medieval 
mining started in the High Middle Ages and extended into the Late Middle Ages. 8 


Material and Methods 

In the former mining Zone (1300-1450m a.s.l.) and pasture Zone “Allmein” (1450-2000m 
a.s.l.) a total of 55 soil profiles were dug down, excluding five exposures from heaps, 
mining debris and a smelting place. Colours were described according to Munsell, 9 soil 
types, horizons and layers according to the German classification Ad-hoc AG BODEN. 10 
Additionally soil samples were anlysed for Standard parameters (pH, total organic carbon, 
particle size distribution and pedogenic oxids). Micromorphological analyses were imple- 
mented to differentiate colluvial layers and palaeo surfaces. So far, 21 samples have been 
radiocarbon dated by AMS (acceleration mass spectrometry) and conventional analyses 
by Curt-Engelhorn-Zentrum Archäometrie (Mannheim/Tübingen, Germany), Cologne 
AMS Centre for Accelerator Mass Spectrometry and Beta Analytic (London, Llorida), 
including 9 samples from the pasture Zone and 12 from the former mining Zone (Tab. [l]). 
They were calibrated via OxCal v 4.17. 11 Bearing in mind that charcoal can be trans- 
ported by post-depositional mixing, only in situ layers were radiocarbon dated. 12 The 
palynological data and microscopic charcoal counts have been worked out by Prof. Dr. 
Klaus Oeggl and his team (University of Innsbruck, Austria). 


Results and Interpretation 
Soils 

In Bartholomäberg the high montane-subalpine climax soil podzol was eroded and buried 
by several colluvial layers (M). These layers evidence different phases of human activity 
(Rg# It was possible to differentiate them by micromorphological analyses and physical 
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Soil profile 

Sample code 

Elevation 
(m a.s.l.) 

Depth (cm) 


Location 

Pasture Zone 
Bart 1 

“Allmein” 

MAMS-11731 

1500 

227-230 

3307 ±25 

Footslope, pasture 

Bart 2 

Hd-29535 2 

1487 

25-30 

1161±18 

Mid slope, pasture 

Bart 2 

Hd-29535 1 

1487 

(fine fraction) 
25-30 (coarse 

1192±22 

Mid slope, pasture 

Bart 2 

MAMS 11146 

1487 

fraction) 

45-47 

1576 ±26 

Mid slope, pasture 

Bart 3 

Hd-29536 

1585 

60-63 

1524 ± 19 

Depression, wood 

Bart 3 

MAMS 10901 

1585 

60-63 

3565±30 

pasture 

Depression, wood 

Bart 4 

MAMS 10902 

1760 

59-60 

1252±27 

pasture 

Footslope, pasture 

Reil 2 

MAMS-11731 

1500 

25-27 

2224± 23 

Mid slope, pasture 

Reil 3 

MAMS-11730 

1660 

6-10 

1108± 23 

Mid slope, pasture 


Zone (Krause 
Beta-250352 


2007 


Former mining 

Knappa Gruaba 

district (Ref 1) 

Knappa Gruaba 

district 

Goritschang 

district (Reil 1) 

Goritschang 

district 

Goritschang 

district 

Roferweg “Zum 
Wurm” 

Roferweg “Zum 
Wurm” 

Roferweg “Zum 
Wurm” 

Knappa Gruaba 
district 8 
Knappa Gruaba 
district 8 
Roferweg 

Roferweg 


MAMS 10920 

MAMS 10903 

Beta-236430 

Beta-238712 

COL1283.1.1. 

COL1284.1.1. 

COL1282.1.1. 

COL1278.1.1. 

COL1279.1.1. 

COL1299.1.2. 

MAMS-11738 


1330 

18-21 

1330 

55-59 

1410 

30-33 

1400 

52-56 

1400 

35-49 

1330 

106-108 

1330 

124-126 

1330 

55 

1364 

45-48 

1364 

55-58 

1280 

70 

1280 

20 


Krause 


2009 


3290 ± 40 

Depression, 
spruce forest 

2470 ± 29 

Footslope, 

pasture 

2212±29 

Footslope, 
wood pasture 

2010 ± 40 

Close to open min¬ 
ing pit 

900±40 

Open mining pit 

2245±24 

Mining heap 

2219±24 

Mining heap 

611±23 

Mining heap 

908±21 

Mining heap 

2269±22 

Mining heap 

3620 ± 47 

Buried by colluvia 
and smithing place 

418 ±22 

Smithing place 


Tab. 1 | Radiocarbon dates of charcoal fragments from Bartholomäberg (Montafon, Austria). 


and chemical parameters such as soil organic matter content (SOM) and soil texture. 13 
All colluvial layers reach relatively high percentages of SOM (average of 2.9 weight-%) and 
include charcoal particles. In general the oldest Ml layer contains less organic matter 
(average 2.34 weight-%), whereas M layers above 5 weight-% are considered as former 
palaeo surfaces or upper parts of a colluvial layer. They can be recognised in thin section 
by the high amount of burnt/unburnt roots and numerous plant residues. Additionally 
the diverse geology leads to textural differences, e.g. weathered sedimentary rock is trans- 
ported downwards into the crystalline Zone. 

In many cases charcoal layers separate the colluvial layers. These signs of past fires 
can be regarded as man-made, because in the humid climate of the Northern Alps wild 
fires are neglectable. 14 They imply a close correlation between fire, land-use history and 
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Fig. 1 | Soil profiles Bart 1 
from the pasture Zone 
“Allmein” and the heap “Zum 
Wurm” above the village of 
Bartholomäberg (Montafon, 
Austria). 




611 ± 23 


mining heap phase 2 
fAh/M2 
2245± 24 

mining heap phase 1 
2219± 24 fAh/Ml 


MI(fBs) 


soil development. According to the radiocarbon dates obtained (Tab. [TJ in the pasture 
zone “Allmein” and the former mining zone, the oldest evidence of fire reaches back to 
the Early and Middle Bronze Age, located in depressions or covered by thick colluvia in 
footslope positions. This burning was resumed during the Iron Age, documented in the 
soils of the “Allmein” as well as charcoal being found in connection to mining heaps and 
debris. The heap “Zum Wurm” (length: 70m, breadth: 40m, height: 2-4m) was built up 
in two phases (Fig. JT]). The palaeo surface of the La Tene Period (379-203 BC) was buried 
by waste rock materials from the same period (390-208 BC) covered by a small fAh. 
Renewed activity can be proved for the Late Middle Ages (AD 1297-1401) on top of it. 
A smaller heap (length: 10m, breadth: 4m, height: lm) consists of La Tene Period mining 
debris and a younger phase from the High Middle Ages (1297-1401 AD). The occurrence 
of live charcoal layers in the most favourable area of the pasture zone indicates rising 
fire activity during the Early and High Middle Ages. Lrom the end of the High Middle 
Ages tili the Late Middle Ages evidence of burning merely took place in connection with 
mining activity. 


Synthesis 

Together with palaeoecological and archaeological investigations, it is possible to eval- 
uate past human-fire-environment interactions. Charcoal layers in soils from different 
altitudes (1300-1550m a.s.l.) evidence the first extensive use of fire in the high montane- 
subalpine forest during the transition Early-Middle Bronze Age. The forest was cleared 
to gain pasture land and Settlement areas as showed in the pollen record by a decrease 
of spruce and fir with a simultaneous increase in Settlement and grazing indicators and 
microscopic charcoal. 15 At lower elevations a hillfort and associated Settlement existed. 16 
A geoarchaeological and archaeological hiatus at the beginning of the Late Bronze is 
illustrated in the pollen diagrams by an increase of woodland and a decline of Settlement 
indicators. 17 During the Iron Age soil charcoal documents further burning to obtain or 
maintain pasture land. It is remarkable that during that time radiocarbondated charcoal 
layers from different heaps and mining debris indicate first mining impacts in the Knappa 
Gruaba district (former mining zone) (1300-1450m a.s.l.). It can be assumed that from 
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that time on, the lower part of the former pasture Zone was changed into a mining 
region. From the Early Middle Ages to the High Middle Ages, an increase of charcoal 
layers in soils of the pasture zone (1450-1800m a.sd.) occurs. This impact is not reflected 
palynologically for the Early Middle Ages, but for the High Middle Ages. In general 
during the High Middle Ages and Late Middle Ages (immigration of the Walser people) 
increasing land-use in this region is shown in various pollen diagrams. 18 During this 
period there is no charcoal evidence in the soils of the pasture Zone, and the microscopic 
charcoal record from the investigated peat bog Tschuga shows very low fire intensity. 19 
Either grazing pressure was sufficiently high to keep the areas open and forests were 
cleared at a greater distance or the wood was cut without burning. However, evidence 
of fire is related to the mining Zone. In this Zone human activity is unambiguously 
documented by mining heaps, debris, a shaft and a smithing place. 20 
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Introduction 

In 2003, 2004 and 2006 the Archaeological Service of the Canton of Bern carried out 
alpine archaeological surveys in three valleys of the Bernese Oberland. 1 The primary aim 
of the survey was to enlarge the list of archaeological sites based on which the Archaeo¬ 
logical Service reacts to construction projects. The results were a positive surprise. About 
400 new archaeological sites—mostly dating to the Middle Ages and Modern Age—could 
be recorded. A doctoral project will analyse the results of the field surveys. 2 

The archaeological structures found include remains of building foundations, installa- 
tions beneath rock shelters, animal pens and field boundary walls. They relate to seasonal 
alpine animal husbandry (‘Alpwirtschaft’), which has been an important economic factor 
in this region since the Middle Ages. In addition tracks and pathways, ore extraction sites 
and sites related to other industrial activities were documented. As the surveys were only 
carried out systematically above the timber line, the majority of sites are situated between 
1600 and 2000m a.s.l. 

This paper will present medieval and (early) modern land use of ‘Alpwirtschaft’ as 
well as local adaptations of the buildings—and their locations—to this rough alpine ter- 
rain. The Mägisalp, Hasliberg will be used as a case study. 


Along the Way South - Economy and Topography 

The borough Hasliberg is located in the Oberhasli region in the far east of the Canton 
of Bern (Fig. [l] upper left corner). Düring the Middle Ages, the region was not under 
control of the cities. It was, instead, under the influence of the monasteries of Interlaken 
and Engelberg. Following their economic interests, they both played a significant role in 
the medieval development of alpine pastures. 3 

The region’s inhabitants led a predominantly agricultural existence, living from an¬ 
imal husbandry and growing crops. The region lies at the centre of a System of Alpine 
passes such as the Grimsel, Brünig, Susten and Jochpass. As such, it was part of a System of 
transalpine trade in cattle and hard cheese until the building of the railway tunnel through 
the St. Gotthard massif at the end of the 19th Century. Seasonal animal husbandry, or 
‘Alpwirtschaft,’ has continued as part of the local economy to the present day. Tourism 
and hydroelectric power plants, however, have played increasingly dominant roles in the 
local economy during the past Century. 
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Fig. 1 [ Location of the Oberhasli region (inset) and orthophoto of Mägisalp showing known 
archaeological sites (yellow points) on the ‘Oberstafel’ Hinder Tschuggi, Seemad and Hääggen. Red points: 
location of archaeological remains shown in Fig.[2] Nr. 1: building remains on the Tschugginollen; Nr. 2: 
building remains near Seemad. 


The Hasliberg landscape can be described as basin-shaped. Until the end of the 19th 
Century AD the permanent Settlements (all situated between 1000 and 1300m a.s.l.) were 
only connected by footpaths and mule trails. The higher parts of the landscape consist of 
terraces, knolls and steep slopes and are divided into three Alps. Further Alps are located 
in the Gen Valley directly to the east. 


Moving up - Land Use Strategies of ‘AlpWirtschaft 5 

Like in most of Switzerland, the ‘Alpwirtschaft’ consists of a three-part System, utilising 
the Vegetation on various elevations. The valley farm can be described as the first stage of 
the ‘AlpWirtschaft.’ Until the middle of the 20th Century the crops grown here between 
spring and autumn were predominantly used to feed the animals over the winter. So as 
not to use the already tight valley bottom resources, the animals are driven onto the 
alpine pastures of the second stage (‘Unterstafel’) in May or June for a duration of three 
to four weeks. These pastures lie above the forest line at ca. 1600-1700m a.s.l. Düring the 
high summer the third stage (‘Oberstafel’) is used for a few weeks only, due to the short 
growing season. Before returning to the valley floor at the end of September, the animals 
spend a number of weeks on the pastures of the second stage again. 

The Mägisalp was first recorded in 1372. The pastures of both alpine stages are easily 
recognised (Fig.[lJ. The Mägisalp ‘Unterstafel’ (second stage) is located in the lower part 
of the basin-shaped landscape at 1700m a.s.l. The third stage (‘Oberstafel’) consists of the 
Alps Hinder Tschuggi and Seemad, which are separated by a stream and lie on a plateau 
at 1900m a.s.l. Also used as ‘Oberstafel’ is the Hääggen, located on a terrace further north 
at 1960m a.s.l. 
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As in other regions, dry stone walls that are maintained to this day separate ‘Alps’ or 
pastures from one another. These are built using fieldstones cleared from the pastures and 
often follow natural landscape features such as knolls and streams. Walls are also erected 
along escarpments to prevent animals from falling down them. 

The choice of location for buildings was made with their protection in mind even long 
before concerns about insurance. The attempt was always made to place the buildings 
in such a way that they would be least likely to be damaged by landslides, floods or 
avalanches. Most free-standing structures in the research area are protected by natural 
rock outcrops or ridges. Other buildings were constructed directly against large blocks 
or rock faces, using the natural rock as part of the construction while taking advantage of 
its protective properties. 

The locations show a preference for natural terraces, making construction easier and 
providing space for a number of buildings. Scree accumulations were often chosen as well, 
as they offer ample building material in the immediate surroundings. 


From Alp Hut to Ruin - Distribution and Interpretation of 
Archaeological Remains 


When comparing the distribution of present buildings used in alpine animal husbandry 
and archaeological remains, it becomes evident that in the past buildings were spread 
more widely across the landscape and that they were more numerous. A good example 
of the changing land use can be observed on the Tschugginollen, a knoll on the Mägisalp 
with a rather special topography. Protected from avalanches, the pastureland softly as- 
cends from the east. From the west, however, the hill presents itself as steep and craggy. 
Ascending the knoll one is unexpectedly presented with a labyrinth of small canyons. 
This apparently stony and inaccessible area therefore seems unsuitable as pasture. Yet the 
presence of a large number of hitherto undated archaeological remains shows that the 
Tschugginollen was relatively intensely used in the past (see Fig. [T}. These building-like 
structures were built directly against the often overhanging rock faces forming natural 
roofs. On the one hand there are semicircular dry stone wall structures, which might 
be interpreted as shelters for shepherds or might have served as small animal pens (Fig. [2j 
Nr. 1; for geographical locations see Fig.[l] Nr. 1). On the other hand, a number of rectan- 
gular structures have been observed in the canyon System. These might have been cellars 
used for storing milk. At present, all buildings related to ‘Alpwirtschaft’ are situated south 
of the knoll and the steeper parts are no longer in use as pastures. 

The problems surrounding the Interpretation of archaeological remains, resulting 
from alpine surveys, are shown by three building remains near ‘Oberstafel’ Seemad. The 
first building is rather badly preserved, of small dimensions (inside measurements ca. 
3.5x2.5m) and integrates a flat rock in its west wall. A second rectangular structure (inside 
measurements ca. 13 x7m) has a paved terrace in front of it and can be interpreted as a 
dairy because of the hearth located against the back wall over which the cheese vat would 
have hung (Fig. [2 Nr. 2; for geographical locations see Fig. [IJ Nr. 2). Outside the front 
of the third building a paved terrace was found as well. This building is almost square 
(inside measurements ca. 9.5x8.5m) and within its outline an L-shaped wall was found, 
but no hearth. As none of the buildings have been excavated it is hard to say anything 
about their dates or functions. It is thus necessary to combine the information provided 
by other sources, such as written records, oral history, historical pictorial evidence and 
old maps, still existing alpine architecture as well as archaeological evidence from other 
regions. 4 It is known that the two larger buildings at Seemad were destroyed by avalanches 
in the early 20th Century, thus explaining why this area is no longer exploited. 


4 e.g., Meyer et al. 
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Fig. 2 | Nr. 1: Semicircular 
wall remains on the 
Tschugginollen, built against a 
rock face, which forms a natural 
roof; Nr. 2: building remains of 
a dairy building near Seemad 
including a hearth (red) and 
paved terracing on a supporting 
wall. 


The more easily reachable Alps are accessible by motorised transport these days and 
have changed the way they tend to function. Nowadays, not all Alps are equipped with 
cheese making facilities. Instead the milk is transported to the dairy at the ‘Unterstafel’ 
(second stage). 


The Continuity of Cultural Landscapes 

The alpine landscape has seen heavy impact by ‘Alpwirtschaft.’ What is perceived as a nat¬ 
ural landscape by city dwellers is a cultural landscape shaped over millennia. Prehistoric 
use of alpine zones in the Alps has been archaeologically proven. 5 Pollen analysis and 
the study of botanical macro-remains from Sediments of mountain lakes in the Bernese 
Oberland, however, show that during the Middle Ages a further widespread opening of 
the landscape took place through the elevation of the alpine grazing zones. 6 Due to forest 
Clearing, the forest line was forced down and the original grasslands grew and were from 
then on kept open because of regulär grazing. 

Only in the 20th Century did alpine pastures Start to be given up and naturalisation 
and reforestation took place. Early tourism (since the late 19th Century) and later hydro- 
electric power plants have gained economical prominence and started to replace alpine 
animal husbandry as the main economic factor in the Oberhasli. And just like ‘Alp¬ 
wirtschaft,’ the buildings and infrastructure that come with these new lines of business, 
such as cable cars and reservoirs, keep affecting and moulding the cultural landscape of 
the region and threaten its archaeological remains. 
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Introduction 

Ancient topsoil horizons have rarely been preserved in situ, but prehistoric pits filled 
with former topsoil material are common features at most archaeological excavation sites. 
One attribute of these features is routinely evaluated: differences in soil colour are used to 
estimate the age of the archaeological context. In the Lower Rhine Basin (NW-Germany) 
a dark-brownish pit filling would date to the Neolithic period, a grey-brownish filling to 
the Iron Age and a light-grey filling would be considered Roman. 1 For archaeological 
research, these changes in soil colour are of enormous importance because often the 
absence of artefacts or other dateable material does not allow the use of any other dating 
method. Examples are the prehistoric Settlements Langweiler 2, 8 and 9 in the Lower 
Rhine Basin, where 21-43% of all pits in the Settlement areas did not contain any artefacts. 
Their classification as Neolithic was based exclusively on the colour of the pit fillings. 2 

A standardized method to describe the soil colour would be the use of Munsell Soil 
Colour Charts, as it is common practice in Soil Science. 3 However, the description of soil 
colour with Munsell Soil Colour Charts is an estimation that limits its use for archaeo¬ 
logical dating and quantitative modelling. The disadvantages are that not every possible 
colour is found in the charts and that different light exposures lead to shifts in the percep- 
tion of colours. An objective and fast method to determine colour is spectrophotometry, 
i.e. the measurement of the wavelength of light reflected by a sample in the visible ränge 
(VIS). Correlations between soil colour and chemical properties can be measured, since 
spectrophotometers produce numerical values that make Statistical analyses possible. 4 
The multivariate Statistical tools for calibrating spectrometric Information against soil 
properties have recently been developed and applied, mainly for near- and mid-infrared 
spectroscopy. These methods allow the characterization of a large number of soil variables 
without elaborate sample preparation. 5 

The colour of soil material is the result of soil-forming processes and related to soil 
characteristics, 6 and thus an indicator for soil attributes of material preserved in past 
times. Soil compounds that are typically found in settlement pit fillings and that are an 
indicator for human activities are, for example, an increased amount of organic matter or 
charcoal. Schulze et al. 7 described the correlation between colour lightness and organic 
matter concentration in soils with comparable texture and on similar parent material. 
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Charred organic matter could be the colouring agent in black soils. Spielvogel et al. 8 
found a significant correlation between luminance values and concentrations of aromatic 
carbon compounds in soils. The measurement of soil colour and charred organic matter 
concentration before and after an experimental burning revealed the correlation between 
biomass burning and darkening of soil colour. 9 The red-brown colouring of a soil depends 
on type, composition and amount of iron oxides which cover a specific spectrum of 
colours. Scheinost and Schwertmann 10 were able to determine the different types of iron 
oxides in soil samples via spectrophotometry. 

Human influence on soil formation is mainly driven by the addition or subtraction 
of specific soil compounds. Wet-chemical methods are used to detect those variations in 
soil composition, e.g. the BPCA molecular marker method to detect charcoal carbon in 
soils, 11 but the analyses can be expensive or time-consuming. Spectroscopic methods esti- 
mate soil characteristics of large numbers of samples from a smaller set of samples which 
is used for calibration. We tested the measurement of soil colour spectra, or VIS spectra, 
as a novel and rapid analytical tool in geoarchaeological research in two regions and on 
at least two excavation sites per region. To the best of our knowledge, the reasons for the 
soil colour changes in pit fillings over time have not been investigated and explained yet. 


Material and Methods 

In order to calibrate the method, we used two calibration sets which allowed us to test 
a large set of samples with known properties: (i) a ränge of topsoil material (87 samples) 
from loess-derived soils which have been measured on black carbon, 12 and (ii) a ränge of 
paleosoil sequences (198 samples) from the Balearic islands with known CaC0 3 and Fe 
contents. 13 

Archaeological soil samples were taken from excavation sites in two regions which 
are characterized by soils developing from loess: (i) NW-Germany, between the cities 
of Aachen, Cologne and Bonn, where Luvisols dominate (Paffendorf and Arnoldsweiler 
sites, 96 samples), and (ii) Central Germany (Saxony-Anhalt, Colbitz, Köthen and Klein¬ 
paschleben sites, 313 samples) where chernozem-like soils are present. Hydromorphic 
soils that are characterized by oxidation and reduction were not investigated. We sampled 
pit fillings from Early Neolithic to Roman Age, or Iron Age, respectively, that represent 
former top soil material. Chronological information is not available for many samples 
yet, because archaeological documentation and Interpretation of the excavated features is 
still ongoing. 

Soil colour was measured using a spectrophotometer in the laboratory for dried, 
homogenised but not milled soil samples in triplicates (Konica Minolta CM-5) and in 
the field in-situ on the surface of a profile or planum (Konica Minolta CM-700d) by de- 
tecting the diffused reflected light under standardised observation conditions (2° Standard 
observer, illuminant C). The colour spectra were obtained in the 360 to 740nm ränge, in 
lOnm increments. The spectral information was used to build predictive models from the 
measured VIS spectra of sample sets with known properties (laboratory analysis) based on 
Partial Least Squares Regression (PLSR) using the Software ParLes (v3.1). 14 Predictions 
were calculated using sub-samples of all measured samples, a prediction set and a test 
sample set. 
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The measured VIS spectra were also converted into Munsell values and F*a*b* values 
(CIE 1976 Standard Observer) which indicate the extinction of light on a scale from F* 0 
(absolute black) to F* 100 (absolute white), from green (-a*) to red (4-a*) or from blue (-b*) 
to yellow (b*). The use of colour indexes allows for soil colour description as it is used, e.g. 
in sedimentology. 15 Total carbon (C) contents of the soil fine earth were measured using 
a CN elemental analyzer. Organic C (Corg) was determined by subtraction of anorganic 
C from total C. Carbonate (CaC0 3 ) content was determined after dissolution with HCl 
(10%) using a Scheibler unit. The content of black carbon (BC) in fine-earth samples was 
determined as benzene polycarboxylic acids (BPCA) according to the method described 
by Brodowski et al. 16 


Results 

The two calibration sets showed that VIS spectra could be used to build PLSR models 
that were able to predict the values that have been measured in the laboratory. For the 
recent top soils from loess-derived soils, measured organic carbon contents and black 
carbon contents correlated highly with the predicted values (R 2 = 0.87 for Corg and 
R 2 = 0.78 for BC), while the relation of Corg and BC to the luminance (F*) value using 
an exponential regression model is weaker (R 2 = 0.36 for Corg, R 2 = 0.55 for BC). For the 
Balearic paleosoils, the correlation between measured and PFSR-predicted values was also 
high for CaC0 3 (R 2 = 0.85) and for total Fe contents that have been corrected for clay 
content (Fe index R 2 = 0.81). Using only the colour indexes, a linear regression between 
CaC0 3 content and F* reached R 2 = 0.60 and between chromaticity values a* and Fe 
index R 2 = 0.53, while F* and Corg content did not show any correlation. 

First results for the archaeological samples showed a pattern which is less distinct than 
the calibration sets. Corg concentrations did not effect the brightness of pit fillings (R 2 = 
0.23 for Corg and F* for the Rhineland) as strongly as the BC concentrations (R 2 = 0.42 
for BC and LV). Using linear regression models with colour indexes (R 2 = 0.18 for Corg 
and F* for Saxony-Anhalt) resulted in weaker correlations than using the PFS regression 
(R 2 = 0.45). Soil colours are clearly different between the two investigated regions. In 
between archaeological periods, colours are different, too, although the differences are 
small. Fig. 1 shows the colours of pit fillings from the sites in the Rhineland (A) and from 
Saxony-Anhalt (B), respectively. The lightness and the chromaticity of the pit fillings from 
different periods are different but overlapping. Pit fillings from Neolithic pits in both 
regions are clearly darker (IT -5.2 from the average of younger pit fillings in Saxony- 
Anhalt and -2.9 in the Rhineland) and redder (a* 4-0.5 from the average of younger pit 
fillings in Saxony-Anhalt and 4-1.5 in the Rhineland) than samples from younger periods, 
although the soil development and the recent soil types are different. Since the luminance 
did not correlate with Corg contents in all archaeological sample sets, other factors seem 
to have a strenger influence on soil colours, e.g. charcoal content or the presence of iron 
oxides. 


Conclusions 

VIS spectra can be used as an analytical tool after the method has been calibrated. The 
presence of charcoal highly correlated with the lightness of soils, while in the samples 
with lower concentrations of organic matter and high contents of CaC0 3 , the presence 
of iron oxides and carbonates mediated soil colours. For the pit fillings, we found that 
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the amount of charred organic matter influenced soil colour more than total soil organic 
matter. The differences in soil colour between archaeological periods will be of special 
interest: did we see pedogenetic features or differences in the original soil material? The 
tendency of Neolithic samples to have redder soil colours is a new finding which was 
visible only by using spectrophotometric measurements. Further investigation will in- 
clude the consideration of iron oxides and additional black carbon measurements for the 
archaeological sample sets. 
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Introduction 

Experiments are necessary to understand the principles of cultural landscape develop¬ 
ment, when natural or historical archives are unclear or even lacking. Such a project has 
been conducted since 1997 in south-western Germany near Forchtenberg/Kocher valley. 
It intends to test hypotheses of a model for Southern Central Europe and to elucidate the 
‘Müller-Cycles.’ 1 This project shall provide Information on the importance of fire as an 
instrument of landscape management as well as on possible yields during that time on 
cultivated fields. The long duration of the project allows the first fire plots to be cleared 
again after a decade and regeneration types of Vegetation and topsoil properties to be 
followed up in the long term. 


Impact and Results: Two Mosaics 

Forest Clearing drastically changes the ecological conditions. Light and rainfall directly 
reach the soil surface. As interception and forest microclimate are no longer present, 
the organic cover layers dry out or are eroded. The cleared surface is rapidly colonised 
by mosses, grasses, herbs or bushes in a more or less accidental way. Finally there is a 
concurrence between grasses and bushes—mostly Rubus fruticosus. Cloning species such 
as Holcus mollis may conquer a great surface within weeks and dominate it for years, 2 
whereas tussock grasses like Deschampsia flexuosa vary in their presence. High forbs like 
Cirsium arvense, Epilobium angustifolium or Eupatorium cannabinum become more and 
more important. Thus a complicated mosaic will develop during spring and summer. 
However, large surfaces may remain bare. Topsoil and soil surfaces react as rapidly as the 
plant cover creating their own mosaic. Bare surfaces with a mineral pellicular Organisation 
interchange with algae-bacterial films and moss-settlements. 
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On this already established mosaic a part of the plot was burned. It created a new 
structure of a differentially destroyed surface, which was managed by sowing and, in part, 
by soil work and was exposed for a new colonisation. Depending on the temperature 
and the duration of the fire impact the over-burned topsoil/soil surfaces were differently 
transformed into a complicated pattern of bare surfaces, charcoal and ash layers as well as 
moss or grass plots with only minor damage. 


Two Different Ways of Regeneration 

Düring the first two years after cultivation the concurrence between grasses, herbs and 
bushes continued on the non-burned area with the development of a Rubus-lzyer. Tree 
seedlings are mostly repressed. On the burned surfaces, however, high forbs—especially 
Eupatorium cannabinum - predominate. Soil surfaces are largely characterised by grass 
felts. From the third year the forest dynamics reappeared. Re-growing trees with an early 
shedding of broad leafs such as Tilia and Acer created islands of an O; and later on 
O i /O j layer under their growing crowns. Thus for the following years, the difference of 
plain (grass felts) and islands of O//O r layers was the most prominent feature. Charcoal 
occurred either dispersed or, rarely, preserved in charcoal horizons. 

Emerging trees characterised the following stages more and more. These were re- 
growing trees with growing crowns and pioneer trees (Salix caprae, Betula pendula but 
also Acer pseudoplatanus, Fraxinus exelsior or Quercus petraea). This Situation developed to 
a dense tree cover, where Betula indicated the formerly burned areas. This succession 
followed more or less the lines given by Dierschke 3 in reaching the “preforest-stage,” 
which he described from succession plots of beech forests in Central Germany. 

From about the fifth year after the first Clearing the regeneration of the plant cover 
changed to a long-lasting predominance of the high forbs, mostly Cirsium arvense. Re- 
growing trees developed from stumps, as was typical for the other fields. However, the 
seedlings of all other trees were impeded at least for four or five years. The dense Standing 
of high forbs enabled a humid microclimate and supported the development of a short 
moss-/grass-/herb cover beneath them. Soil development was favoured by this microcli¬ 
mate and the annelid activity in the topsoil became important. This resulted in a well- 
developed Ah-horizon and grass felts as soil cover. It is interesting to mention that a 
ruderal development is quasi restricted to these high forbs. Even though the test site 
adjoins intensively cultivated fields only few ruderal herbs came from this area. 


Conclusion 

The Forchtenberg experiment showed two different succession pathways after severe 
intervention in the form of Clearing, burning and cultivation. 

Burning and cultivation disturb a first colonisation by Vegetation on the cleared plots. 
Düring the months after Clearing soil surfaces are rapidly modified from the original 
O//Oy layers to grass and herb felts, moss layers or bare surfaces. Burning creates a 
new mosaic due to differences in fire intensity. The following years showed the classical 
pathway of regeneration, which is one of “island and plain.” Some trees re-grow from 
their stumps and create early spots of forest dynamics in a plain dominated by grasses, 
herbs or high forbs. Betula may colonise and suppress the Rubus- layers, in concurrence 
with other trees later on. Topsoil/ soil surfaces follow these developments by a first pel- 
licular Organisation being replaced by grass felts and O//Oy- cover layers as an indicator 
of recommencing forest dynamics. 
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Fig. 1 [ The Forchtenberg test site on the Hohenlohe Plain, the experiments and their results on the plots 
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However, a second succession pathway became obvious. High forbs—especially Cir- 
sium arvense—mzy rapidly colonise and form dense Stands impeding the establishment of 
shrubs or tree-seedlings for half a decade. It is a monotypic ruderal formation. Topsoil/ 
soil surface development follows the scheme of pellicular Organisation leading to grass 
felts and 0//0y cover layers with intensive crumbling depending on the microclimate in 
these dense Stands. 

This type of ruderal development poses the question of the character of the early 
cultural landscapes. 
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1 Introduction 

Düring the 2nd and 3rd millennia BC a series of innovations emerged in the Trans-Urals 
steppe (fortified Settlements, metallurgy, chariots, the cultivation of grain is also under 
discussion), which apart from questions as to origin and genesis raises the question of 
possible triggers. 1 The assumption of climatic change has been put forward, 2 because 
especially in the steppe climatic alterations lead to substantial changes in living conditions 
and adaptations of economic structures. 

The recent German-Russian research project “Environment, Culture and Society of 
the Karagaily-Ayat Micro-Region,” supported by the German Research Foundation (DFG) 
and the Russian Foundation for Humanities and Social Sciences (RGNF), attempts to in- 
vestigate the archaeology, Settlement history, subsistence and environment of the Bronze 
Age Sintashta and Petrovka cultures in the Trans-Urals region. In one of the Settlement 
areas in the valley of Karagaily-Ayat (Oblast Cheliabinsk) three Bronze Age fortified Set¬ 
tlements are being investigated. 3 Archives for palynological investigations are the numer- 
ous depressions along the riverside, partly filled with water or already completely silted 
up, containing organic Sediments. These “water holes” provide the best conditions for 
research in a micro-region to record changes in Vegetation and sedimentary depositions 
during the Holocene in order to answer important questions about economic activity 
and agriculture. 4 


2 Study Area 

The Karagaily-Ayat valley is located in the south-eastern fringe of the Ural Mountains, 
in the so-called Trans-Urals region (Fig. [l]). The annual mean temperature is about 3.7°C, 
with an annual rainfall of 340-430mm. It is a Continental climate with seasonal tempera¬ 
ture variations of > 30°C. 

The landscape is characterized by a gently rolling steppe with small patches of wood¬ 
land covered with feather grass of which not much is left today, due to extensive pasturing 
with horses, cattle and sheep. In the 1950s, 60s and 70s the “Virgin Tands Campaign” was 
initiated by Khrushev to transform the steppes into farmland. Today, only small-scale 
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Fig. 1 j Map of the study area. The pink and yellow squares mark the coring sites (map D. Knoll). 


cereal growing has survived and the steppe is actually regaining its former habitats, but 
in a degraded state. Natural birch woodland only occurs locally on soils with impeded 
drainage; pine woodland is present throughout the region. 

The Urals and their foothills are of special interest in respect to rieh mineral and ore 
deposits. Moreover, in the immediate surroundings of the excavation, traces of ore mining 
prevailed dating back to the Bronze Age. 5 


3 Methods 

32 depressions have been drilled so far along the River Karagaily-Ayat (Fig. [7}. The Sedi¬ 
ment cores were examined by means of pollen and radiocarbon dating. 

Sample preparation for pollen and microfossil analyses followed a Standard method. 6 
Lycopodium tablets were added for the calculation of pollen concentrations. 7 

The age of the Sediment sequences was determined by means of radiocarbon dating. 
The samples (terrestrial plant macrofossils) were analysed by AMS (Acceleration Mass 
Spectrometry) at the University of Cologne (Centre for Accelerator Mass Spectrome- 
try), Beta-Analytic (London-Florida) and the Curt-Engelholm-Zentrum Archäometrie 
(Mannheim/Tübingen). The 14 C-results are calibrated via OxCal 4.17. 8 


4 Results 

Sediments could be detected throughout the Holocene—except for the millennium be- 
tween 7000-6000 cal. BR Most of them date back to the last 500 years. So far we could 
not find a deposition without hiatus. 
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4.1 Vegetation Development 

To date two cores have been analysed in detail. Profile “Weihe” was deposited between 
600 cal. BC and cal. AD 500, 9 the FS-profile between 7200 cal. BC and the present day 
(Hg# A number of gaps of several millennia lie between these periods. 

The FS-profile Starts at 7200 cal. BC (zone 1). The dominating Vegetation in the area 
of investigation is composed of Artemisia and Poaceae with Chenopodiaceae playing a 
special role. The values for tree pollen ( Betula and Pinus) reach only ca. 10%. From 6900 
cal. BC onwards (zone 2), the values for tree pollen rise up to more than 20% and Picea 
is now regularly proven. For the first time pollen grains from Ulmus, Ainus and Tiha 
appear. The values for Poaceae reach more than 20%, while Chenopodiaceae decrease 
down to 10%. The Artemisia curve, in contrast, is still dominant with more than 40%. 
A steppe landscape prevailed in the area of investigation, but along the river and on the 
edaphically advantageous locations more trees were found than in the Early Holocene. 
This Vegetation remained unchanged until at least 5500 cal. BC. It is not possible to draw 
any firm conclusions about the following 1700 years, because there is another hiatus. 

About 3800 cal. BC (zone 3)—when Sediments are again preserved—the tree pollen- 
values have not significantly changed, continuing with 20-25%. Now there is a stronger 
emergence of Picea and an increase of Pinus. Typical indicators of disturbances like Poly- 
gonum species appear more frequently. Myriophyllum decreases but the Spirogyra curve 
Starts. Between 3700 cal. BC and 2000 cal. BC no Sediments are preserved. 

From 2000 cal. BC onwards (zone 4) deciduous trees rise and the Pinus curve declines 
slightly. The indicators of disturbances remain the same, but the diversity of species 
increases. The Triglochin/Potamogeton- type appears more frequently, while Myriophyllum 
almost disappears. 

Between 900 cal. BC and cal. AD 1300 there is another hiatus in the FS-profile. But the 
period between 600 BC and AD 500 was deposited in the “Weihe”-profile. 10 The pollen 
diagram shows tree pollen values between 20 and 30% and a wormwood-rich grass steppe 
prevailed. 

For the period from cal. AD 1300 until the present day (zone 5), tree pollen values 
between 20 and 30% could be shown in the FS-profile. The deciduous trees, Artemisia 
and Chenopdiaceae decrease, whereas the Poaceae increase. Sparganium is more frequent 
now. 


5 Conclusion 

The results of the investigations carried out so far in the Karagaily-Ayat valley of the 
Trans-Urals region point to a high degree of stability of the Vegetation in regard to climate 
and human impact. 

The values for tree pollen have remained the same since the 7th millennium cal. BC, 
but they have never exceeded the present values. The forest resources therefore seem to 
have stayed constant since the Boreal (there is a lack of evidence for the time span between 
5500 and 3800 cal. BC and no Statements regarding this aspect), so in contrast to other 
authors 11 the palynological analyses could not find strong evidence for shifts of Vegetation 
belts caused by climate. 

All depressions show a different filling pattern that indicates that it is difficult to 
make only climatic changes responsible, as postulated by Kremenetski et al. 12 Deposits, 
and thereby also existent or nonexistent time slices, are—apart from a few trends— 
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very broadly scattered in time. Therefore other possible causes could also have been local 
geomorphology events, like consolidations of subsoils or meander cut-offs. 

To date the pollen-analytical studies do not show a strong influence on the Vegetation 
in the Bronze Age. The diversity of species rises, but the appearance of ‘typical indicators 
of disturbances’ in the pollen diagram started before the fortified Settlements developed. 
So far, neither the charred macro-remains nor the pollen grains give any indications for 
agriculture. Surprisingly, since the Boreal pollen grains are in the pollen spectra that 
correspond in size, pore and annulus 13 to the cereal type. The vegetational surveys of 
the region carried out within the scope of the project show that at the bottom of the 
Kargaily-Ayat valley wild barley (.Hordeum brevisubulatum subsp. nevskianum ) is often 
dominant and that its pollen type corresponds to the cereal type. Thus the pollen grains 
of the cereal type that could be detected since the Boreal are presumably from wild barley. 


13 Beug 


1961 
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Introduction 

The main goal of the InterAmbAr reseach project 1 is to analyze the relationships between 
landscape Systems and human land-use strategies on mountains and littoral plains from 
a long-term perspective. The study adopts a high resolution analysis of small-scale study 
areas located in the Mediterranean region of north-eastern Catalonia. The study areas are 
distributed along an altitudinal transect from the high mountain (above 2000m a.s.l.) to 
the littoral plain of Emporda (Fig. [Tji. 

High resolution interdisciplinary research has been carried out from 2010, based 
on the integration of palaeoenvironmental and archaeological data. The micro-scale ap- 
proach is used to understand human-environmental relationships. It allows better un- 
derstanding of the local-regional nature of environmental changes and the synergies be¬ 
tween catchment-based Systems, hydro-sedimentary regimes, human mobility, land-uses, 
human environments, demography, etc. 


Materials and Methods 

In each study area, paleoenvironmental, archaeological and historical data have been 
cross-checked. Multiproxy paleoenvironmental analyses including sedimentology, geo- 
chemistry, pollen, NPP (non-pollen palynomorphs), charcoal, diatoms and crustaceans 
from lacustrine or peat records have been obtained. These palaeoenvironmental data have 
been integrated with results obtained through geomorphology, archaeomorphological 
research, archaeological field survey, excavations, 14 C dating, historical research, remote 
sensing and GIS analyses. GIS allows data correlation and integration in a multilayered 
and multiscale environment where diachronic analysis can be performed. 2 


1 


2 


InterAmbAr “Integracion de datos paleoAmbientales y Arqueologicos para la interpretacion de las 
interacciones climatico-socio-ambientales en una cuenca del NE peninsular durante el Holoceno” is a 
R+D project, funded by the Spanish Ministery (CGL2009-12676-C02-02). 

Orengo and Palet \ 
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Fig. 1 | Location of studied areas. 


A sedimentary record of 6,5m depth has been obtained in the Castello lagoon, located 
in the littoral plain of Emporda. In the high mountain Pyrenees five peat records of 
between 130 and 50cm in thickness, have been studied at the head of Ter River. About 30 
radiocarbon dates provided the chronological framework to compare the high mountain 
and littoral paleoenvironmental sequences. These 14 C dates were calibrated using Calib 
6.0 program. 

The data obtained allowed us to characterize landscape shaping and evolution in each 
study area, particularly between the Iron Age (6th-2nd centuries BC) and recent times. 


Preliminary Results 

The paleoenvironmental record of the Emporda plain provides evidence of successive 
environmental changes during the last 5000 years. Between 2850 and 2700 cal BC, the 
plain was characterized by a wooded oak landscape bordering a brackish lagoon. From 
this period until Roman times, the brackish lagoon was connected with the sea and a 
marine environment prevailed in this part of the plain. During this period, the inland 
sector of the plain records the first clearances and farming activities, coinciding with the 
development of Iberian culture (6th-2nd centuries BC) and the foundation of the Greek 
colony of Emporion, dated at 6th-5th centuries BC. The Iberian culture in this area 
is characterized by an especially high territorial Organization and intensive agriculture, 
based on cereal and vineyard crops, and grazing. 3 

The Roman conquest and the occupation of this territory from the 2nd-lst Century 
BC involved a new process of landscape shaping. Settlement distribution from this pe¬ 
riod shows intensive rural occupation of the plain. 4 In addition, archaeomorphological 
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research of landscape morphology reveals centuriated grids with different modules and 
Orientations surrounding the Roman city of Emporiae. These structures spread through 
fluvial terrasses and inland deltaic plains. On the other hand, from Roman to Early Me- 
dieval times (lOth Century AD), the deciduous woodlands were progressively deforested 
and farming and mining activities expanded in the plain. Düring Early Imperial times 
environmental data attest that the marine water conditions of the lagoon changed to a 
brackish environment suggesting the development of sandy bars. 

Düring Early Medieval times (10th-13th AD), large deforestations related to the ex- 
pansion of farming and mining took place in this littoral plain. At the same time, the 
sandy bars progressively closed the lagoon. A strong territorial Organization is also at- 
tested by historical data during this period, as a consequence of the foundation of me¬ 
dieval villages, churches and castles during Christian colonization of the area. 5 From the 
13th Century AD, freshwater conditions in the lagoon prevailed. Later, the lagoon was 
progressively filled by Sediments, as a consequence of the fluvial thalweg management and 
drainage works, as has been documented in written sources. 6 At this time, woodlands 
recovered while littoral meadow pastures (called “closes” in the area) expanded. This 
littoral plain was extensively used as pastureland during the Modern Age, mainly for 
transhumant livestocks. 

The intercomparison of peat records in high mountain areas suggests that peat for- 
mation could be related to human land management, probably deforestation or mining 
activities, which affected the hydrological System. Three main phases of peat formation 
have been reported during the last 2000 years: in Roman times, 6th-7th centuries AD and 
12th Century AD. 

During Roman times, altitudinal grasslands developed above 2000m a.s.l. as a conse¬ 
quence of pine and fir woodlands deforestation. Meanwhile, geochemical data indicate 
that Cu and Pb exploitation was the main human activity. In addition, archaeological 
survey and excavation documented an Early Imperial times hut located above 2100m a.s.l. 
This structure is related to an ancient East-West road axis, probably associated with the 
reported mining activities. 

A new deforestation process occurred during the 6th and 7th centuries AD coeval 
with the grazing expansion. During the 8th Century AD, a mining phase could be related 
to the exploitation of arsenopiryte in the area. Furthermore, archaeological evidence 
shows that Early Medieval times (9th-llth AD) are characterized by the expansion of 
grazing activities as is attested by pollen data and the presence of numerous medieval huts 
and enclosures. 

Between 1200 and 1600 cal AD, a new deforestation phase resulted from the large 
grazing use of high altitude pastures and intensive mining and metallurgy, an activity 
reported by written sources (Fig. [2J. This large grazing activity probably was the result of 
the establishment of transhumance linking these summer mountain pastures with littoral 
meadows. Later on, from the 18th Century, mining activities were focused on Fe and 
Pb. This activity coexisted with the pastoral use of the area until the 19th Century when 
livestock declined and forest recovered in a context of mountain depopulation. 


Conclusions 

In both sectors, the new multiproxy and archaeological data show the variability of 
natural resources exploited in different periods. This variability seems to be related to 
dynamics in the spatial Organization. 
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Fig. 2 | High altitude pastures 
in Puigmal massif (2910m) 
(Nuria valley, Eastern 
Pyrenees). 


The Roman landscape occupation probably involved a complementary exploitation 
of natural resources in north-eastern Catalonia. A certain specialization of resources by 
geographic areas is attested, focused on agriculture and livestock in the littoral plain and 
mining in high mountain areas. Later, during Late Antiquity (6th-7th AD), mountain 
and littoral resource exploitation diversified in the context of a more self-sufficient econ- 
omy. In this sense, the development of metallurgical activities is now documented in the 
littoral plain, while livestock expanded in the high mountain Pyrenees. 

In Medieval and Modern times, new complementarities and interrelations were es- 
tablished between mountains and plains. Transhumant livestock connected the entire 
catchment area. In addition, metal production was based on the mineral extraction in 
the high mountains and metallurgy in lower areas which contributed to these new com¬ 
plementarities between areas. 
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1 Introduction 

The main purpose of this research is to study the origin and the diachronic dynam- 
ics of cultural landscapes in Mediterranean mid-mountain areas, as a result of human¬ 
environmental interactions. First results from a case study in the Montseny Massif, a 
pre-littoral mountain ränge in the region of Barcelona, are presented. Nowadays, this 
area is characterized by intensive agricultural and industrial land-use which has provoked 
large changes to historical landscape morphology. A diachronic, interdisciplinary and 
multi-scale approach has been developed in order to identify Settlement patterns, agrarian 
terraces, land use, environmental changes and sedimentary processes. 

The research project has been developed by the Research Group in Landscape Archae¬ 
ology (GIAP) at the Catalan Institute of Classical Archaeology (ICAC, Tarragone). 

In this interdisciplinary study, human landscape impact in a micro-regional area has 
been analysed with the aim of establishing human-environment interactions and their 
traces in the archaeological and sedimentary record. The topography of the area had to 
be taken into account; it is characterized by gentle slopes resulting from marked spring 
and autumn rainfall seasons. 

The project has focused the fieldwork in the micro-regional Samalus area, at the 
foothills of Montseny massif, close to the pre-littoral plain (Valles basin). Nowadays, this 
area is characterized by a mixture of farmland, forest and scattered Settlement. Although 
the area is not largely urbanized, the historical landscape forms are affected by the changes 
introduced by the mechanization of farming. Therefore, a number of small terraced areas 
have become major fields. We can find the ancient morphology preserved inside today’s 
forested areas. 

The study has been structured in two main phases: 

In the first one, a digital archaeomorphological analysis has been correlated with 
historical and archaeological data in order to characterize the historical road network 
and territorial Organization, together with Settlement evolution and landscape dynamics 
in Roman times. 1 


1 Florez 
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In the second phase, landscape shaping in the Samalus area has been analysed, integrat- 
ing archaeological work in agrarian terraces 2 and geomorphological and sedimentological 
analysis. 3 


2 Materials and Methods 

Written sources, archaeological, sedimentological and palaeoenvironmental data have been 
integrated into a GIS environment. 4 A critical review of previous archaeological studies 5 
and of the Valles oriental archaeological inventory has been carried out in order to dehne 
the current Status of archaeological research in the studied area. Old maps, aerial pho- 
tographs, written documents and ßeld surveys have been studied and/or carried out in 
order to dehne the landscape’s historical morphology. This digital archaeomorphological 
analysis has been developed within a GIS environment. Aerial-photography and cartog- 
raphy (ancient and modern) have been analysed to restore the main axes that served as a 
road network. 

Fieldwork included surveys and the excavation of trenches in agrarian terraces. Ge- 
ological and geomorphological characterization of the slopes and terraces deposits and 
archaeological data has provided further Information on the chronology and type of land¬ 
scape changes. Archaeological structures and the excavation process have been modelled 
from photogrammetry, and a DEM model of the studied area has been created using 
GIS analysis. The anthracological study of charcoals from archaeological sites has given 
hrst indications of Vegetation changes and forest resource exploitation by past human 
communities. Charcoals have been collected and provide eleven 14 C dates, improving 
our knowledge about the chronological evolution of human occupation and of erosion 
episodes. 


3 Preliminary Results 

The studied sites allowed us to establish three phases in landscape shaping. 

3.1 First Phase (4th BC - 3rd AD) 

Intensive occupation of this inland area took place during the Iron Age, from the pro- 
tohistoric to the imperial Roman period, with abundant archaeological remains (Fig. [7}. 
Although there are some Neolithic and Bronze Age sites in the proximity, an Iberian 
‘Oppidum’—Puig Castell, 6 probably inhabited from the 4th Century BC—is the hrst 
human Settlement known in this sector. 

The 2nd and Ist centuries BC are well represented by different structural remains 
and ceramic concentrations around the ‘Oppidum’ hill and also at different sectors of 
the studied area, with a more diffused presence of Iberian and Campanian pottery and 
Italic ‘amphora.’ These remains are correlated with the formation of a B horizon of a soil 
(caliche) that suggests warm and dry climate conditions for this period (Fig. [2}. 

The absence of the ceramic “Terra Sigillata” and of African pottery suggests that all 
these structures from the hill top and their base were abandoned during the Ist Century 
BC. 
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Fig. 1 | Iron Age archaeological remains. 


Remains from the Early-Imperial Roman period are more scattered over the study 
area. Like the previous period, these archaeological remains are also associated to a B 
horizon soil. In fact, sedimentary processes suggest the continuity of the same conditions 
as the previous period, evidenced by the development of soils used for agrarian purposes. 
According to the archaeological data, change in the settlement pattern has been evidenced; 
however, a continuity (or an increase) of economic activities has been identified. 
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Lithostratigraphical and archaeological profile example: 



Topsoil (+/-30 cms) 

Clay with pebbles, Iberian and Roman pottery and charcoal. Unstable phase. (50-100 cms) 
d B horizon of a soil/ "caliche". Stable phase. (10-20 cms) 

| Coarse granitic sand/ "saulö”. Bedrock 

Iberian and Roman ("Campaniana") pottery associate 
with the structures 

Fig. 2 | Lithostratigraphical and archaeological profile example. 


Archaeological remains: 


Silo 


Walls remains 




The excavation of the agrarian terraces has shown that the deepest layers associated 
with the construction and use of these field Systems might have been formed in this 
period. Our preliminary results suggest that two moments of construction (defined by 
different types of wall construction) can be related to different Stratigraphie layers: 

A first moment is associated to ancient Roman and Iberian pottery and radiocarbon 
dated at 370-155 cal. BC (Poz-44022) 

A second moment is related to ancient material mixed with modern pottery and it is 
radiocarbon dated at 18th-19th centuries cal. AD (Poz-44020). 

Therefore, the possible ancient origin of these field Systems would be related to inten¬ 
sive agricultural activity attested with settlement patterns. 

3.2 Second Phase (Medieval) 

Sediments covering Iron Age structures show different processes of erosion and deposi- 
tion of alluvial Sediments, possibly related to the destabilization of climatic conditions 
that occurred from the end of the Roman Period. Although some 14 C samples from these 
Sediments gave us ages from the 8th to 9th centuries cal. AD (Poz-45696), the Medieval 
period is poorly represented in the archaeological and Stratigraphie records. 
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3.3 Third Phase (17th - 20th AD) 

Overlying these previous phases, the modern phase has been found. Written documents 
from the 18th and 19th centuries show the existence of cultivated agrarian structures in 
continuous transformation, at least from the end of the 17th Century. According to the 
first archaeological and sedimentological results, all or most of the terrace walls, field 
Systems and their associated Sediments are related to this period. 

Archaeomorphological analysis of the road network allowed us to define road traces 
preserved in the present-day landscape as eroded and deep paths and Stretches. Although 
we do not know their chronology, they precede the modern road network and connect 
archaeological sites with the main Roman and Medieval road between the Roman towns 
of Barcino (Barcelona) and Ausa (Vic) (the “Congost Roman road”). 


4 Conclusion 

From a methodological perspective, field data has to be the basis of archaeological work, 
allowing us to introduce new elements to the historical discourse. In addition, a multi- 
disciplinary approach, integrating data from different sources in a teamwork context, has 
accurately shown the environmental, climate and human shaping of the landscape. 

Data collected in the study area allows us to propose an initial approach to different 
phases of this landscape shaping in which human and non-human factors have been 
involved: 

• A phase of sedimentary stability Contemporary to an intensive occupation dated on 
Iberian and Roman periods. 

• A phase characterized by a hydro-sedimentary crisis has been related to the aban¬ 
donment of the ancient settlement-agrarian System. 

• The modern phase has been built directly on the remains of the first phase. 
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1 Introduction 

1.1 Geographical Context 

The study presented in this paper is drawn from an ongoing PhD project that focuses 
upon a broad area south of the city of Padua, delimited by the Euganei Hills to the 
west and the Venetian Lagoon to the east, and defined by the fluvial Systems of Brenta, 
Bacchiglione and Adige (Fig. [lj. The primary aim of the research is to investigate the 
complex relationship between mankind and the environment that developed in this area 
during Roman times. 


1.2 Historical and Archaeological Context 

From the Und Century BC onwards, this territory, which up until that time had been 
controlled by the Venetic oppida of Patavium and Ateste and by the rieh Greek-Etruscan 
centre of Atria, became profoundly affected by the Roman presence. This influence man- 
ifested itself especially through the construction of great consular roads; these included 
the road from Patavium to Bononia (175 B.C.), the viaAnnia (153 B.C.) from Patavium to 
Aquileia, and the via Popillia (132 B.C.), connecting the cities oiAriminum and Altinum 
along the Adriatic coast. During the Ist Century B.C., the area became, de facto, a part 
of the Roman state when the Venetia came to form a constituent part of the province of 
Cisalpine Gaul and the Venetian townships assumed, firstly, the rank of coloniae latinae 
(89 B.C.) and, subsequently, that of municipia (49 B.C.). 

From that time onwards and throughout the Und Century A.D., the archaeological 
data bear witness to a population which was distributed over the greater part of the 
territory, leading to think that a major program of territorial reorganization must have 
been implemented in order to exploit the land’s agrarian potential to the full. The real 
existence of this intervention, already variously hypothesized since the mid-nineteenth 
Century, was confirmed in the early 1970’s by the finding of a squared stone bearing the 
cadastral indications of a land division carried out during early imperial times. 1 


1 Lazzaro 


1971/1972 



318 


Michele Matteazzi 


Venice 


_ -i 

Padua ^ 



Fig. 1 [ Location of the study area. 


2 Methodology 

2.1 Archaeomorphological Research 

The investigation Starts from the precepts of Landscape Archeology and proceeds by way 
of an archaeomorphological approach that considers the landscape as having been shaped 
by a series of structural elements (such as roads, paths, channels, field boundaries) which 
were created at different times and by different communities: each one of these elements 
has suffered from time overlaps, changes, erasures and captures by the subsequent ele¬ 
ments and has been preserved in the form of traces within later interventions up to the 
present day. 2 The present landscape would then have been formed by a succession of 
layers of traces dating back to different time periods, as well as an archaeological record 
that is formed by the succession of Stratigraphie units. In this sense, the landscape can be 
investigated by way of a “Stratigraphie” reading, by establishing chronological sequences 
of the various traces identified. 3 The very existence of each of these traces is also indicative 
of a change that occurred in the structuring of the territory, change that we can try to link 
to the historical dynamics that have characterized the territory under study. 

The incorporation of written sources (such as inheritance, donation, sale, foundation 
or cadastral documents) is very useful for archaeomorphological analysis: since they take 
great care to dehne the land boundaries clearly, they can provide ante quem dates for some 
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of the documented traces, allowing a more certain relative chronological relation among 
them to be obtained. 4 

Environmental sources are essential in the Identification of ancient morphologies, 
but they can also provide important data related to human-environment relationships. 
Disciplines such as sedimentology and palynology, for example, can help in reconstruct- 
ing ancient landscapes, defining those areas subjected to human action and providing 
important insights into the effects that this action had on the landscape. 5 An ample 
knowledge of palaeoenvironmental settings of the study area is the basic requirement 
needed to carry out satisfactory archaeomorphological analyses; ignoring them, instead, 
could lead to erroneous restitutions. 


2.2 The Use of GIS 

The use of Geographical Information Systems in Landscape Archeology has greatly in- 
creased in recent years, especially in those studies that consider an archeomorphological 
approach. 6 These provide a framework in which all geographically referenced Informa¬ 
tion required to conduct archaeomorphological research can be included and analyzed 
in a multilayered and multiscale environment. They also provide for easy and effective 
management of the data, excellent graphical output and, above all, high spatial accuracy. 

The first Step to conducting our archaeomorphological analysis based on GIS was 
the development of an adequate geo-database that gathered all the relevant geo-referenced 
Information (both vector and raster data) about the morphology of the study area: or- 
thophotos, aerial photographs (old and recent), different types of maps (topographical, 
historical, geological, geomorphological...), cadastral Information (e.g. administrative 
boundaries), Roman site locations and other important palaeoenvironmental data. 

The use of a DTM with 5m cells, made available by the Cartographic Office of the 
Veneto Region, has also been invaluable: definition of this sort, in which the microrelief 
(e.g. alluvial ridges and depressions) and other characteristics which influence the mor¬ 
phology of the territory are particularly highlighted, has been especially useful when 
carrying out certain types of topographic GIS-based analysis, such as Least Cost Route or 
Viewshed analysis. 

Once the construction of the geo-database was completed, it was possible to begin the 
archeomorphological study through the creation of a polyline vector layer that included 
all the morphological traces identified. This layer was then linked to a table in which all 
relevant Information related to each trace had been stored, such as Orientation, type of 
trace, source, morphological features and the historical data associated, beside a proposed 
chronology. 


2.3 Archaeomorphological Survey 

A specifically designed archaeomorphological survey was needed to evaluate the different 
hypotheses generated by archaeomorphological analysis. This survey aimed to evaluate 
the documented traces, their morphology and the Stratigraphie relationship between 
them and also to identify all structures and scatters of material associated with them. This 
has made it possible to ascribe absolute chronologies to some traces; it has also been useful 
in rejecting evident modern traces and establishing relative chronological relationships 
among traces. 
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3 Results 

Using this methodology, the study of landscape shapes allowed the indentification of the 
traces belonging to an ancient territorial structuring organized by an orthogonal axis 
that spreads over a large part of the study area (Fig. [2|t. This field System follows the same 
orientation of the Bovolenta channel, of which the results have acted as an important 
reference axis of the System itself. 

The alignment of the majority of known Roman sites along or near its axis as well 
as the same orientation followed by the wall structures of the (few) excavated Roman 
settlements, are good clues that could suggest a Roman origin of this orthogonal System. 

In this sense, the field System could be recognized as an example of the most famous 
Roman typology of land division, known as “centuriation;” metrological analysis shows 
that almost all of the identified traces come to recreate a centurial grid with a module 
of 15x20 actus (532.2x710 meters). In this reconstruction, the stone found in the 1970’s 
plays an important role: according to the information provided by this stone, we can, in 
fact, identify the decumanus maximus of the land division with a road currently passing 
through the village of Cartura. 

This proposed grid includes the Roman road to Vicetia, 7 acting as a decumanus , while 
two other roads, one leading to the medieval castrum of Bovolenta (and recognized as 
a part of the ancient route to Atria) and another to the early-medieval fortified village 
of Piove di Sacco, run diagonally through it: the first one cutting exactly each grid unit 
(called centuria), the other one Crossing groups of three grid units (or centuriae). This 
fact is noteworthy because it has been argued that centuriated Systems could have been 
constructed from straight Stretches of road, which would act as hypotenuses, or diagonal 
lines of the grid units following the gromatic process known as varatio. s 

In respect to the real extent of this centuriated System, we can situate its northern 
limit in an area to the north of Padua where the traces belonging to this design come to 
intersect with those belonging to the so called “centuriation of Padova North East,” today 
still perfectly preserved. Here, the archaeomorphological analysis suggests that the limit 
between the two grids could have corresponded to what was likely the northernmost 
branch of the course followed by the river Brenta in Roman times (Fig. [2]). 

To the south, the traces disappear within an area where the reading of some aerial 
photographs had revealed, since the early 1980’s, the evidence of a land division believed 
to be a Roman centuriation administratively dependent on the city of Atria. 9 In order 
to reach a better definition of the tracks, these photos were recovered and placed in a 
GIS environment where they were geo-referenced, orthorectified and re-analyzed. The 
new analysis has therefore led to confirmation of the existence of this centuriation, for 
which an unusual module with centuriae of 27x27 actus (958.5x958.5 meters) has been 
proven. It was also noted that the two grids find a natural limit in an ancient alluvial ridge 
of the Po River, active until the early first millennium BC, and whose orientation has 
been followed by the Southern grid (Fig.[2j. However, there is another, closer connection 
between the two centurial structures: if we extend the kardines to the north-west of the 
southernmost land division, we can see how they diagonally intersect the northernmost 
grid, Crossing groups of exactly two centuriae. This fact would seem to suggest a major 
antiquity of the so called “centuriation of Adria”: in fact, the impression is that this could 
have been used as an important reference point at the moment of the construction of the 
centuriation we detected to the south of Padua. 
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Fig. 2 | Archaeomorphological analysis of the study area, showing locations of the three centuriated grids 
detected in the Padua plain. 


It’s also interesting to note that in the areas where the traces of this orthogonal System 
are no longer detectable, traces of radial road networks were identified: regressive analysis 
and medieval written sources confirm that all the axes belonging to these radial Systems 
converge on churches, castles and villages founded since the early Middle Ages and, in 
particular, at the time of maximum territorial expansion of the city of Padua that took 
place between the 1 Ith and 12th Century AD. The center of each radial network, i.e. 
the medieval core, generally coincides with an axis belonging to the centuriated System. 
This could indicate that the Roman network continued to somehow be used up until 
the Middle Ages, even though the setting of new foundations along the axes of the land 
division and, especially, the development of radial road networks associated with these 
centers subsequently caused its erasure. 
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Geoarchaeological research has been conducted close to the Settlement mound of Teil 
Pietrele, c. 40km south of Bucharest. The teil was occupied during the 5th millennium 
BC (Copper Age) and lasted as an active Settlement for several hundred years. 1 It was set 
up on a fluvial terrace at the northern slope of the Danube valley with its base at about 
8m above the present floodplain. In our study area between Giurgiu and Oltenita the 
bottom of the Danube valley is about 8km wide and the course of the Danube runs along 
its Southern edge (Fig. [lj. However, until about 50 years ago the floodplain was covered 
by a net of anabranching channels, swamps and lakes that were completely drained and 
cultivated in the nineteen-sixties. Archaeological records indicate that during the Copper 
Age Pietrele was integrated into a long-distance trading network along the Danube. The 
archaeologists suggest that people from Teil Pietrele had direct access to the Danube via 
a channel passing the teil. Furthermore, there is archaeological evidence that hunting 
and fishing played a major role in this community. Changes of the Danube River very 
likely affected the former settlement; our research therefore focuses on the reconstruction 
of the Holocene floodplain evolution and the ecological conditions associated with the 
settlement period. 

In contrast to the Danube Delta 2 studies of the fluvial history and landscape develop¬ 
ment of the Lower Danube are rare. An overall view of the geomorphological and geolog- 
ical setting within the study area was given by Institutul De Geologie Si Geographfie Al 
Academiei Repbublicii Socialiste Romania. 3 More detailed geoarchaeological research has 
been conducted in the Teleorman Valley within the frame of the joint Romanian-British 
SRAP project 4 and Tomescu 5 and Lazarova and Bozilova 6 provided information regard- 
ing the regional Vegetation history based on palynological studies in Southern Romania 
and northern Bulgaria. 

In order to get a closer view of the floodplain development within the study area 
throughout the Holocene, a variety of methods were applied. Of these the evaluation 
of historical topographic maps and satellite images, corings up to 17m, geoelectric pro- 
filing, sedimentological, geochemical, microfaunal and pollen analyses proved to be key 
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Fig. 1 | Topographie map of the study area at Teil Pietrele showing locations of corings, position of former lakes and extern of the 
supposed paleolake that might have existed during the Settlement period during the 5th millennium BC. 
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elements in our approach. To date, more than 130 Sediment cores have been taken from 
the teil itself and the surrounding floodplain of the Danube river. Different facies units 
representing distinct depositional environments were distinguished and AMS- 14 C- and 
OSL datings provide the chronological framework to elaborate their spatiotemporal as- 
sociations. 

The interpretation of Corona satellite images from 1962 to 1968 and topographic 
maps dating back to the first half of the 20th Century allowed the detection of chan- 
nel patterns and ancient lakes which existed before the floodplain was drained. It has 
been suggested that the courses of the anastomosing branches and the lakes might have 
been stable with only minor changes throughout the Holocene. However, our results of 
the corings and geoelectric soundings indicate that major changes of the environmental 
conditions occurred. The sedimentary records show that fluvial processes and lacustrine 
conditions alternated within the floodplain. Generally, a sequence of three facies units 
was detected which differ in thickness from place to place (Fig.[2|. The lowermost sandy 
to gravelly deposits (Unit I) of unknown thickness occur about 3 to 8m below surface. 
The Sediments can be attributed to fluvial, and/or aeolian processes. As yet the period 
of their accumulation is unknown. Several OSL-datings are in progress to solve this. In 
most cases, the sandy and gravelly unit is overlain by a clayey and silty sequence of up 
to 8 metres in thickness (Unit II), locally showing even coarser intercalations (Unit Ila). 
These fine grained Sediments (Unit II & Ila) were deposited in a lacustrine environment. 
Unit II is subdivided by distinct dark horizons (DL I-III) which are a valuable means of 
correlating the different cores. This correlation was chronologically substantiated by a 
total of 32 AMS- 14 C-datings of mostly terrestrial organic material, 7 which was selected 
from samples of Unit II and III. For the lowermost part of Unit II a maximum AMS- 
14 C-age of 4690-4270 cal. BC 8 was obtained in core Piet 63 (Fig. [2j. This age corresponds 
well to the main settlement period at Teil Pietrele. As the dated sample was taken nearly 
at the base of Unit II it can be assumed that the deposition of the fine grained lacustrine 
Sediments of Unit II & Ila did not set in much earlier. Finally, the Sediments covering Unit 
II indicate a further change to fluvial conditions. Stratified sand and silt deposits in many 
cores are typical of levees along branches of the Danube River (Unit III). Only at some 
locations did lakes persist until the floodplain was drained and cultivated in the 1960s. 

Lithological logs along a west-east cross-section (Fig. [2j show the facies units in their 
spatial context. The cross-section runs 23km from core Piet 83, which is located in the an¬ 
cient Lake Pietrelor, to core Piet 99 in the former Lake Greaca (Fig. [TJ. The profile shows 
that in Piet 83 and Piet 99 Unit III is missing. At these locations lacustrine conditions 
prevailed until the lakes were drained in the nineteen-sixties. The dark coloured index 
horizon (DL I) was identified in the sedimentary records except for Piet 89. In this core 
the top of the sandy facies of Unit I was registered at 3.10m below surface. This might 
hint at Unit I having an irregulär surface that was inundated and covered by lacustrine 
Sediments. 

As it is most likely that Unit II reflects the environmental conditions during the Cop- 
per Age settlement period at Teil Pietrele, attention has been focused on this sequence. 
Sediment analyses indicate that the fine-grained deposits accumulated in a palaeolake en¬ 
vironment covering vast parts of the floodplain within the environs of the teil. However, 
grain size analyses alone lack significance for the differentiation of fluvial and limnic accu- 
mulations. Lake Sediments exhibit different grain size distribution depending e.g. on the 
Position between the profundal and the shoreline and on the origin of Sediments. Means 
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Fig. 2 j Schematic lithological logs along a W-E-profile (Fig. [TJ showing the Stratigraphie units, marker 
horizon DL I and radiocarbon datings (Piet63) as explained in the text. For selected cores grain size 
distribution, content of sulphur and C/N ratios are displayed. 


of microfaunal and palynological investigations are more indicative for the depositional 
environment. Initial results of the microfaunal investigations, which are still in progress, 
give evidence for a huge, at some places shallow, Standing water body. This is corroborated 
by analyses of pollen and macro remains. 9 

Furthermore, a multi-proxy geochemical approach has been applied in order to iden- 
tify autochthonous material that has been produced in the lake itself, and allochthonous 
material from the entire catchment area. Therefore, elements such as aluminium, mag- 
nesium, calcium, Strontium, iron, manganese and copper have been measured. Addi- 
tionally, we analysed the content of organic and inorganic carbon, phosphate, sulphur, 
nitrogen, pH-value and the conductivity. The ratio of total organic carbon and nitrogen 
allows terrestrial and aquatic Sediments to be distinguished. 10 Characteristic C/N ratios 
of nonvascular aquatic plants, such as simple algae, amount to 4 to 10; whereas vascular 
terrestrial plants like grass, shrubs and trees show C/N ratios of more than 20. Some 
broad-leafed trees even reveal C/N ratios of more than 250 and some conifers of more 
than 500. 11 In a lake environment, C/N ratios normally increase with proximity to the 
shore due to the input of terrestrial material. But Sediments of Unit II show values of the 
C/N ratio that do not exceed 10, indicating permanent aquatic conditions (Fig.[2j. 

As the contents of typical autochthonous elements like sulphur show similar vertical 
trends in different cores from all over the study area (Fig. [2]), it can be inferred that one 
single palaeolake covered an area of at least 20km in length and at places more than 8km in 
width. This can be corroborated by similarities of the nitrogen record, the conductibility, 
and the overall occurrence of the lowermost dark index layer (DL I, Fig.[2j. 

The dark marker horizons (DL I-III) probably represent distinct phases with ecolog- 
ical conditions that differed from the overall trend. According to the radiocarbon age of 
DL I in core Piet 63 (Fig. [2j, the dark layer developed during the main settlement period 
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at Teil Pietrele. It can be assumed that this characteristic layer marks a drastic event in 
the lake’s evolution. Its origin possibly lies in an increasing input of terrestrial organic 
material as a consequence of human settlement or in the establishment of eutrophic 
conditions due to changing lake characteristics. 

Based on the available results, the sedimentary and environmental history of the study 
area can be summarised as follows. Düring the first half of the Holocene the valley bottom 
in the study area was covered by sandy and gravelly Sediments that were deposited by a 
braided river and locally dune formation was likely (Unit I). At the latest in the Mid- 
Holocene, the surface of the valley bottom was inundated and a lake developed in the 
reaches of the study area. Lake Sediments were deposited on the sandy surface of Unit I, 
documenting the change of the ecological conditions. It can be deduced that the northern 
shoreline of this lake ran close to the settlement of Teil Pietrele. People associated with 
the teil may have centred their lives on the lake and the Danube River, as both satisfyingly 
served basic needs of transport and nutrition. Later on anabranching channels prograded 
into the palaeolake. As a consequence the palaeolake diminished and several smaller lakes 
formed between the channels which existed until the floodplain was cultivated in the last 
Century. 
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Depopulation; soil erosion; human impact; land abandonment; anthropogenic landforms; 

Sudetes. 

The aim of the research was to identify traces of former different land use (intense agricul- 
ture, more extensive Settlement network) in the Contemporary landscape of areas which 
are now depopulated and abandoned. The Sudetes Mountains have been subject to in¬ 
tense depopulation and land abandonment since the 1880’s and the trend intensified 
after the Second World War. 1 However, remnants of past human activity can be still 
recognized in the landscape. 2 The study was based mainly on the geomorphic map- 
ping of old anthropogenic landforms, including their morphometrical characteristics, 
and on sedimentological analyses (including laboratory analyses) of deluvial and alluvial 
Sediments, which record the evidence of past agricultural land use. Additionally, old 
carthographic and historical materials were used for comparative studies. The detailed 
studies were conducted in the central part of the Sudetes—in the Stolowe Mountains, 
where 12 settlements have disappeared completely (19%) and 33 (54%) have been subject 
to intense depopulation. 3 

The legacy of past human occupancy and intense activity in the depopulated areas is 
still readable in the Contemporary landscape as various types of anthropogenic landforms 
and features. 4 The main remains are ruins of buildings. Even though they are preserved in 
various conditions, the outlines of former farmsteads are clearly detectable in the relief, as 
they form artificial level surfaces (settlement terraces) within slopes and valley bottoms. 

Landforms connected with former agricultural land use are the second group of an¬ 
thropogenic features. They include the network of field-access roads, which form local 
road gullies. The morphometric parameters of the gullies vary in every catchment (they 
are from 20 to 720m long and from 0,4 to 4m deep, with the usual depth ranging be- 
tween 0.8-1.5m). Road scarps, which are very frequent in the area, are more common 
than gullies. They are 0.5 to 4m high (usually 1-2.5m) and 50-940m long. Most of the 
roads are no longer in use and the road gullies are either partially filled up with mineral 
and organic matter or they are preserved as a result of being overgrown by dense grass 
and shrub cover (Fig. [TJ. The density of old unpaved roads was 7-10.2km/km 2 in the 
19/20th Century whereas nowadays it is only 1.3-5km/km 2 .Other anthropogenic scarps, 
which originated as agricultural terraces, are indicative of previous different land use. The 
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Fig. 1 | Old, inactive road 
gully is well preserved in the 
landscape due to grass cover and 
tree roots (photo A. Latocha). 


agricultural terraces are evidence of former ploughing while nowadays they occur within 
hay meadows and pastures. The average height of the terrace scarps is 0.5-1.5m. Other 
landforms connected with former agricultural land use are embankments and heaps of 
stones collected by farmers from arable grounds to facilitate ploughing. Nowadays they 
are usually overgrown by Vegetation, mainly by xerophilous species, due to the high 
permeability of their loose, open-work structure. They are a common landscape feature 
and vary in density and size. The height of these landforms ranges between 0.5 and 3m 
(usual value is 1.2-2.5m) while the length of stone ramparts may reach up to 350m. Some 
of the ramparts used to have a form of regulär stone walls. However, they have collapsed 
in many places and their previous structure has been obliterated. 

The third group of anthropogenic features is connected with water management. 
They include various hydrotechnical constructions such as bridges (preserved or partly 
destroyed), subterranean water passages (culverts under the roads), stone- or concrete- 
cased riverbanks, flood-and-debris control dams. Subsequent to depopulation of the area, 
the dams were not cleaned and nowadays are filled with Sediments. In spite of this, the 
stone constructions of the dams are still clearly visible. The channel lining (stone or 
concrete) was common for mountain streams within all inhabited areas in the Sudetes. 
However, due to the lack of maintenance, only fragmentary and local remnants of former 
lining have been preserved in most areas. In the Stolowe Mountains, the only exception 
is Pasterka, where the channel lining has been preserved on numerous Stretches along the 
stream, which constitutes the main settlement axis of the village. 

Contemporary land use, which is dominated by grassland (meadows and pastures), 
does not support surface wash. However, the wide extent of arable grounds in the past, 
which can be seen on 19/20th Century topographic maps, resulted in efficient soil erosion 
from ploughed slopes. The evidence of this process is recorded in the Contemporary 
environment as deluvial Sediments of anthropogenic origin. The detailed investigations 
of slope covers were conducted along slope profiles in four areas of former agriculture. 
The fine-grained deluvial Sediments, which are the results of surface wash from ploughing 
fields, are especially thick in the lower parts of slopes and in slope flattenings, both natural 
and anthropogenic, such as agricultural terraces or road scarps. However, the legibility 
of sedimentological evidence of human-induced soil erosion depends on the lithology. 
Within the granite bedrock, the natural and human-induced layers of slope material can 
be distinguished quite easily (Fig. [2j, while within the sedimentary rocks (especially in 
marls and mudstones), the Separation of these two main genetic layers is much more 
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Fig. 2 | Thickness (in cm) of 
fine-grained human-induced 
slope and alluvial deposits on 
granite bedrock— former arable 
grounds (photo A. Latocha). 



difficult due to a large amount of fine grains in the entire slope cover profile. In such 
cases, the occurrence of anthropogenic artefacts (charcoal, pieces of bricks) may help to 
estimate the thickness of deluvial layers connected with agriculture and soil erosion. 

In the fluvial domain, the material washed down from arable slopes to stream channels 
was accumulated during floods, which led to a successive build-up of alluvial Sediments 
on the valley floors. The human-induced alluvia can be as thick as 30-40cm in granitic 
areas (Fig. [ 2 ]) and 50-60cm in the sedimentary bedrock. 

Both slope and alluvial Sediments can be treated as archives of past human activities, 
as nowadays such types of Sediments only form very locally and are connected mainly 
with unpaved roads linking slopes and valley floors. 

The results show that past human activities can have long-lasting effects on the land- 
scape. They are recorded directly as anthropogenic landforms, and indirectly as human- 
induced slope and valley floor Sediments developed under more intense human impact 
in the past. However, human impact on the landscape in the study area varies even in 
adjacent areas and the intensity and extent of the impact depend heavily on environmental 
conditions such as lithology and morphology. 
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Spatial Information Technologies and Landscape 
Archaeology: Past Problems and Future 
Directions 


Spatial Technologies hardware; Software; issues; archaeological location models. 


Spatial technologies (ST) are integral to how data are collected, managed, analyzed, and 
published in current archaeology and, indeed, have brought about tremendous changes 
to the discipline. Advances in the 2Ist Century have occurred in hardware and Software, 
profoundly affecting the conduct of research and how we perceive, approach and model 
the archaeological record. 


Hardware Developments in Spatial Technologies 

Hardware advances in archaeological ST have seen numerous improvements in the 2Ist 
Century. In field contexts, total stations and Global Positioning Systems (GPS) permit 
rapid and accurate mapping of features within large areas. Field Computers, touch pads, 
and even smart phones permit data recording and bring GIS to the field. The prolifer- 
ation of digital Cameras is revolutionary because unlimited numbers of images are now 
acquired. While not commonly regarded as ST, near-vertical images have documented and 
even mapped excavations after their rectification and registration within GIS. 1 

Three-dimensional (3D) Scanners represent an important recent field technology. Ar- 
chitectural scans yield accurate 3D models and a form of mapping associated with a 
new perspective in Conservation—models are so accurate they may continue to represent 
structures long after they vanish. 2 

Geophysical prospecting has also seen major advances in faster instruments with 
better sensitivity, but the largest change lies in multi-sensor arrays holding, for example, 
8-12 ground-penetrating radar antennas with GPS positioning. Pulled by vehicles, they 
allow enormous areas to be surveyed in short periods of time. 3 

Aerial archaeology is also associated with new ST using flight guidance by GPS and 
imagery that is now largely digital. An exciting development is the slow and low-flying 
unmanned aerial vehicles that serve as a platform for cameras or multi-spectral sensors 
guided by GPS-controlled waypoints. 4 The biggest change lies in the advent of Lidar, 
which permits creation of high-resolution (usually 1-4 m) digital elevation models through 
laser range-finding from aerial platforms. Lidar has taught us that subtle terrain changes 
are frequently associated with ancient sites and has been revolutionary in the number of 
new sites revealed, even in previously surveyed areas and forested landscapes. 5 
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Satellite remote sensing has seen tremendous advances through platforms such as 
Quickbird or WorldView 2 that offer sub-meter spatial resolutions which have made 
space-based data comparable in quality to aerial imagery, with the advantage of near- 
global availability. WorldView 2 also offers high spectral resolution with eight bands that 
permit identification of subtle anthropogenic changes previously invisible. 6 

The significance of the foregoing hardware advances is that (1) they improve our abil- 
ity to more accurately and rapidly map and record, and (2) they facilitate archaeological 
discovery. In each domain, a cadre of specialists has formed, contributing to a “culture 
change” in the discipline. Moreover, these technologies yield digital Outputs that require 
Computer finesse, forcing greater technical literacy. ST also yield vast amounts of data that 
must be managed, processed, and analyzed. These requirements have caused new demands 
in Computer hardware for increased storage and processing speed, but large impacts in 
Software have also occurred for data management and in other exciting domains of ST. 


Software Developments in Spatial Technologies 

To work with the vast data sets generated by geophysical sensor arrays, 3D Scanners, Lidar 
or high-resolution satellites, significant advances in Software have occurred. Although 
many special-purpose programs have been developed for 3D point clouds, geophysical 
data or for computer-aided design, GIS remains a core management, analysis, and re- 
porting tool. Improvements exist in modules for image registration, 3D displays, spatial, 
geostatistical, and network analysis, and much more, including graphical interfaces for 
complex procedures and models. 7 More realistic viewshed computations and travel times 
via cost-surface analyses are also possible. GIS also serves as a backbone for many other 
spatial problems. 

One such domain lies in “visualization,” which McCoy and Ladefoged 8 categorize 
into “data” versus “representational.” The former seeks new information, patterns, and 
relationships through Exploratory Spatial Data Analysis usingpowerful Statistical, graph¬ 
ical, and mapping techniques, often in a GIS setting. The latter attempts to represent past 
places or objects by rendering them through advanced Computer graphic methods. 3D 
laser scans are a frequent data source. Architectural models have also been “built-up” out 
of ground plans revealed by geophysical surveys. These reconstructions lead to virtual 
worlds with fully immersive representations of past cultures, architecture, environments, 
and even past peoples. 9 

The growth of the internet in this Century has had a profound influence on databases 
and Software applications, which are becoming more frequently available on-line. Gov¬ 
ernments and private Companies offer wide choices of digital data for download, greatly 
facilitating database creation. Increasingly, state and regional archaeological databases are 
becoming available on-line, promoting access. Internet offerings such as Google Earth 
supply ready access to global aerial and satellite imagery that is useful for initial prospect- 
ing 10 and tools like Google SketchUp that offer powerful 3D modeling tools. 

A domain that well illustrates the enormous changes in data volume and Software 
complexity now commonly confronted lies in the area of regional simulations, many of 
which focus on models of archaeological location, sometimes referred to as “predictive 
models.” 
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Archaeological Location Models (ALM) 

This controversial topic focuses on means of modeling or “predicting” archaeological 
locations based on (1) their Statistical relationships with landscape variables or (2) on 
models of human location behavior, which can be mapped over regions by GIS. 11 Such 
models have seen many applications in Cultural Resource Management (CRM) to the 
point where it has become a multi-million dollar industry in the USA and elsewhere, but 
they are often seen as theory-weak, static, or “environmentally deterministic.” 12 

In the past decade, new approaches have arisen that attempt to address these defi- 
ciencies. They rest in the increased power of Computing, the improved sophistication 
of ST like GIS that permit linkages to many related spatial databases, Software that per- 
mits simulating complex behaviors, and improved graphical portrayals. In essence, based 
on complex rules of a multiplicity of human behaviors and, indeed, the behaviors of 
everything from wild to domesticated animals, to plant health, rainfall, erosion rates 
and climate change, entire past societies have been “canned,” and simulations, frequently 
agent-based, are permitted to run over the course of centuries. 13 Although fraught with 
countless problems ranging from data reliability, to faulty behavioral assumptions, in- 
complete knowledge of processes, equifinality, and other factors, remarkable successes 
(as shown by correspondences between model predictions and archaeological knowledge) 
and significant new insights have been achieved. More time will be necessary, however, to 
realize the full potential of these approaches and to address their many difficulties. 

An alternative data-driven approach not based in Simulation for ALM is also examined 
that utilizes quantitative concepts of Niche Theory developed in Biology in the 1950s 
and its transformation to a geographic theory of human Settlement in the 1960s. 14 It has 
a well-traveled theoretical basis at its foundation and permits other theoretical models to 
be superimposed relating to economic choice, competition, and maximization, to name 
a few. It considers the social and the physical landscape and is flexible because cultures 
with different environmental adaptations and social requirements will realize different 
niches. The approach achieves power because it focuses on stable principal components 
associated with lowest variance that characterize basic location requirements associated 
with a particular dass of activity. Within this space, locations are evaluated according to 
a standardized distance, expressed by a Mahalanobis D 2 statistic and mapped via GIS. 15 A 
well-understood cultural landscape, that of early Euroamerican farmsteads of northwest 
Arkansas, USA, illustrates the approach. 


Conclusions: Effects and Issues 

Advances in ST improve our ability to undertake complex models and to examine large 
areas for archaeological remains through ground-based, airborne and space-based sensors. 
If the archaeological site, as conventionally defined, represents only a concentration of 
material culture and certain past activities, it is clear that “sites” represent only a fraction 
of the human experience. 16 Many of the foregoing ST, because they permit examination 
of vast areas, promote a greater focus on the landscape or region as opposed to the site, 
which is surely a positive result. With so much rapid technological change, data quality 
and Standards are a great concern, but data formats and their longevity are of special 
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interest as we approach a half-century of archaeological Computing. With so many ar¬ 
chaeological databases constructed by individuals, institutions, and States, the growth of 
an archaeological cyberinfrastructure with integrated regional or even worldwide data is 
a growing need. 17 Additionally, many individuals and regions are denied participation in 
ST owing to hardware and Software costs. The promotion of open source Software will 
at least alleviate part of this dilemma. 
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In the Netherlands, archaeological research is government-controlled and performed un- 
der the Treaty of Valetta. As part of the planning for urban and rural developments, the 
effect of soil disturbance on (possible) archaeological sites has to be considered. For this 
purpose, municipalities require archaeological prediction/risk maps (Fig.[lJ. 

The Holocene rising of the sea level resulted in substantial accumulation of Sediments 
in the Western half of the Netherlands. The Pleistocene (Late-Palaeolithic) subsurface may 
currently lie up to 12m below surface. 1 This makes predictions considering archaeological 
remnants highly dependent on the historic landscape variations over time. 2 

Information about known archaeological sites, their landscape and Settlement factors 
forms the foundation of the research. A Quaternary landscape reconstruction was per¬ 
formed using available data which varies depending on the time period and depth of the 
Sediments. 

Data from the Pleistocene subsurface were collected from core samples and geological 
maps. The maps were geo-referenced and compared with the core sample data. The rele¬ 
vant data were digitalized. The periglacial landscape was dominated by braided rivers and 
aeolian coversands. 3 Dunes up to 20m high were blown out of the braided channels during 
the Late Dryas period. 4 Indicators for human occupation during the Late Palaeolithic 
mainly comprise charcoal, flint stone or botanical remnants from small hunting camps. 5 

In the early Holocene, the rivers changed from braided Systems to meandering Sys¬ 
tems. Due to rapid sea level rise, (approximately 8m in 3500 years 6 ) rivers in the back 
barrier Coastal plain in the West of the Netherlands started exhibiting anastomosing 
flow patterns. 7 An anastomosing river is composed of several interconnected channels 
which enclose floodbasins. During floods, crevasse splays are formed when the natural 
levees break. On the natural levees and crevasse splays, which form subtle elevations, 
occupation is possible. Remnants of Mesolithic camps are also found on Pleistocene river 
dunes which now form high and dry areas within the floodplains. 8 

Pressure and oxidation cause more shrinkage in clay and peat Sediments than in sandy 
Sediments. Over time, the sandy riverbeds and crevasses become elevated ridges in the 
terrain. Due to this relief inversion, the sandy channels of anastomosing river Systems, 


For the following images all rights are reserved, in contrast to eTopoi’s Creative Commons licence usage: 
Figs. 1-2. 
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Fig. 1 j Example of an archaeological risk map. The locations with an extremely high risk of 
archaeological remnants are locations of known historical elements. These historical elements were almost 
all located along an exploitation axis. Since other remnants may also be present along this axis a high risk of 
archaeological remnants is given to the exploitation axis itself. A high risk was also given to the former river 
channels. The crevasse splays have a medium risk. A low risk is given to the floodplains where no river or 
crevasses are present in the subsurface. The hatched area on the map represents the location of the edge of a 
Pleistocene river terrace in the subsurface. The double hatched areas represent locations where soil 
disturbance has occurred due to infrastructural works. The numbers in the maps refer to locations where 
archaeological research has been performed. ®BAAC bv. 


crevasses and dunes are visible on LIDAR data, even when they are situated several meters 
below the present surface. Hillshades at various angles were calculated with GIS to accen- 
tuate the elevation differences (Fig. [2j|. Core sampling of the subsurface archaeological 
levels was used as a first research method to obtain archaeological data. 

As the sea level keeps rising, tidal influence Starts affecting water levels in the rivers. 
Tidal creeks find their way land inwards 9 and perimarine Sediments are deposited. Creek 
development originates at the former river mouths and continues land inwards, largely 
following the river channel deposits, which are susceptible to erosion. In other areas, clay 
is deposited on top of older Sediments. As a result of relief inversion, the tidal creeks 
are also visible on LIDAR data (Fig. [2}. Because LIDAR does not provide Information 
about the depth of subsurface Sediments and creek patterns often resemble the patterns of 
crevasses, creek and crevasse deposits are often difficult to discern. All available data, such 
as detailed maps, core sample data and archaeological data, were digitalized and used to 
discern the Sediments from different time periods and their depth below surface as well as 
possible. Neolithic remnants are found in tidal deposits and in the top of the Pleistocene 
river dunes which still surface at several places. Hunting and fishing probably provided 
the main food source for the hunter-gatherer cultures. 

When the Coastal barriers close, the environment becomes less dynamic. Fresh water 
Starts to displace the salt and brackish water behind the Coastal barriers and peat for- 
mation Starts in the floodplains. As soon as the peat Starts rising above the (ground) 
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Fig. 2 | LIDAR with hillshade from the same area as exposed on the archaeological risk map in Figurejl] 
NAP (Normaal Amsterdams Peil) is the national elevation reference scale for the Netherlands. All areas on 
the map are below sea-level and therefore minus NAP. The exploitation axis, river channels and crevasse 
splays are visible on the LIDAR map. LIDAR was used to determine the exact location of these elements. 
Other sources, such as geological maps, core sample data and historical maps were necessary to make the 
distinction between the elements and to determine their depth below surface. ©Rijkswaterstaat and de Unie 
van Waterschappen. 


water table and becomes oligotrophic, it becomes independent of former hydrological 
conditions. The landscape changes. In the center of the sphagnum peat domes, lakes are 
formed. Small streams Start draining the precipitation influx from these lakes. 10 Archae¬ 
ological remnants from the Bronze Age up to the Roman period can be found alongside 
these streams, where agriculture, hunting and fishing were practiced. Historical maps 
were used to provide Information on the location of the lakes and streams, and areas with 
a higher potential for archaeological remnants were identified. These historical maps date 
from later time periods, but cultivation patterns and toponyms often reveal the location 
of these former lakes and the corresponding streams. 

From the Roman period onwards, means of regulating the water levels and draining 
the peat have been known of. From the Early Middle Ages, peat formation stopped 
because the peat was systematically drained and cultivated. Cultivation was initiated at the 
streams that formed the lowest part of the peat landscape. Drainage and subsequent Oxi¬ 
dation resulted in subsidence of the surface. Dikes were raised and ditches were dug along 
the back and side boundaries of the cultivated areas to protect them against seepage from 
the natural peat lands. When agricultural conditions degrade, barren land is cultivated 
and the exploitation axis moves land inwards. New dikes and ditches were made. The 
villages along the exploitation axis (Fig. [T} were moved to the new axes. Historical maps 
from different time periods display the exploitation axes. LIDAR was used to optimize 
geo-referencing of the historical maps, as the former dikes and Settlements are elevated 
with respect to the surrounding agricultural lands due to differential subsidence. 
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The ongoing rise in sea level resulted in an increase in tidal influence on the water 
levels of rivers. In combination with the subsidence of the surface, this resulted in an 
increased risk of flooding. Front the Late Middle Ages onwards, dikes became important 
in reducing the flood risk. Terps were also created to protect houses from flooding. 

From the 16th Century onwards, peat was extracted as fuel for the large cities and 
industries in the West of the Netherlands. 11 As a result of the mining, lakes were formed. 
Small islands were left to dry the peat. Düring storms, islands disappeared and dikes were 
damaged: the lakes expanded. In total, several meters of peat were excavated and large 
lakes were formed. Historical maps show the lakes and the remaining dikes that separate 
them. Archaeological remnants from the Bronze Age to Middle Ages are likely to have 
been damaged and removed with the peat. LIDAR data displays elevation differences, 
thus indicating areas where peat and archaeological sites may still be present. 

In the 16th Century, reclamation commenced 12 and several lakes were drained using 
the now world-famous Dutch windmills. Multiple windmills were needed to pump the 
water from below sea level to the surrounding canals that drained the water into rivers. 
Historical villages and objects such as the windmills were located using historical maps 
and archaeological research data. Once the peat was excavated and the water pumped out, 
the Neolithic Sediments surfaced again. Flow patterns from rivers and tidal creeks from 
the Meso- and Neolithic times can therefore be seen on the LIDAR data today (Fig. [ 2 ]) 

Geographical Information Systems (GIS) are used to combine, synthesize and visual- 
ize the different archaeological, historical and landscape data. The resulting archaeological 
prediction map 13 shows the currently known archaeological sites within the municipality 
as well as the predicted risk of archaeology present at the surface and the different levels in 
the subsurface (Fig. [T|. The municipal policy for archaeological research is subsequently 
based on these archaeological risk maps. 
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Resource Potentials for Archaeological Site 
Location Using the Example of the Early 
Bronze Age in Central Germany 


Predictive modeling; find site preferences; Segmentation; Bronze Age. 


The term “predictive modeling” comprises a ränge of GIS-based methodological approach- 
es and Statistical models that were developed in recent years from interdisciplinary pro- 
jects and have been applied in archeological Sciences to predict unknown archaeological 
sites. These predictions are based on the detailed analysis of the distribution and the 
characteristics from known discoveries. 

The main goal of this research is to understand the dependency of such sites from 
natural environmental factors that together with their distribution pattern allow Identifi¬ 
cation of causative determinants for their occurrence. 

From these efforts, new models will be derived that will allow transfer and applica- 
tion towards broader, more exhaustive area-wide predictions. 1 The current limitations of 
‘predictive modeling’ are the variable and broad distribution of sites and the diversities of 
available raw data, which require an individualistic approach for the analysis. 2 

In the field of archaeological research in Central Germany such predictive models do 
not exist. 

The discovery of the Sky Disc of Nebra led to a closer investigation of the spatial 
relationships of such find sites and find situations of the Early Bronze Age throughout 
Central Germany. Therefore an interdisciplinary DFG research group (“FOR550”) was 
found to investigate the significance of the entire “Aunjetitzer Verband” for the European 
Early Bronze Age. 

A sub-goal of this project aims to develop a model to analyze the Settlement prefer¬ 
ences. 

Firstly to characterize Early Bronze Age find locations in their natural environment 
and secondly to predict their potential distribution. 

While previous studies refer to a small-scale and physiographically discrete area, this 
study covers various morphological zones as “Makroregionenebene”-specified territory, 
including several diverse landscape units. 3 

The basis for the study is formed by the archaeological findings that are dispersed 
over an area of 24,000km 2 . For this reason, a direct applicability of existing methods is 
not possible. 

Subsequently the question that needs to be answered is whether it is possible to derive 
a reliable and applicable predictive model for such a large area with different natural 
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environments. The distinctive feature of this work consists primarily in the size of the 
investigated area. 

The prerequisite for the development of a predictive modeling is a comprehensive 
database built on a precise characterization of corresponding find sites and their spatial 
distribution as well as possible preferences of natural environments. A number of stud- 
ies are dedicated to the identification of influencing factors which identify appropriate 
geofactors and demonstrate their meaning. 4 

For database development, all available official and free geodata that detect dependen- 
cies in the distribution of archaeological find sites were compiled. 

Essential data sets here are the SRTM Digital elevation model at a resolution of 90m 
together with topographical, geomorphologic and natural environmental basis data. 

Because of the transregional context of this large research area covering several States, 
all input data needs to be homogenized and adapted beforehand. These are first of all 
differences regarding the geodesic fundamentals. In addition there are also divergent scale 
ranges, processing statuses and accuracies together with different notations, even in cer- 
tain fields. After these preparatory steps, there was a spatial data basis available for the 
whole study area. This is necessary for the intersection of the archaeological Information 
with the topographic and thematic basic data. 

From all available data that went into the database used for the modeling process, 
10 parameters were selected for testing the predictivity of the model. In a first Step, the 
distance from river network, distance from loess and the distance from floodplain were 
calculated and edited comprehensively from geographic base data. Secondly, the agrarian 
number as a measure of earning capacity of soils was brought into the research. The 
four factors mentioned above are thematic base data and will be completed by 6 relief 
parameters derived from the digital SRTM-Elevation Model. These are slope (S), elevation 
(E), vertical distance to river network (VDN), vertical distance to culmination network 
(VDC), topographic wetness index (TWI) and mass balance index (MBI). 

For further processing of such complex and diverse input data that include direct and 
indirect quality criteria, a data reduction was required. For this reason, a Segmentation of 
the relief of the study area was performed. The transformed relief parameters f(E), f(MBI), 
f(S), f(TWI), f(VDN) and f(VDR) were used for the object extraction. 5 

The Segmentation procedure reduced the set of data considerably. 2630x2545 Pixel 
were aggregated to 41,952 segments by local homogeneity relief criteria. 

The data resolution and thereby the degree of homogeneity were adapted to the size 
of the area. 6 

As a result, an object data set was generated that was diluted with available raster data. 

In the process, all Information of the 10 geofactors were integrated in the data set for 
the entire area. Afterwards, segments that contain find sites were extracted and the spatial 
values were diluted with the find sites. 

Based on this method, the study area was analyzed both area-wide and for each find 

site. 

The first interest is on the characterization of the region by geofactors. 

The importance of the value distribution of all 10 geofactors, their dependencies with 
regards to the extensive distribution and their effect on the find site distribution can be 
viewed by a correlation analysis. 

Representative selected results regarding the parameter TWI (topographic wetness 
index) should be shown in the following. 
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Fig. 1 | Comparison of the 
correlation between TWI and 
DIST_L of all Segments and 
Segments including find sites 
(highlighted red). 
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An important factor to recognize potential favorable areas is the TWI that identifies 
the relief-controlled distribution of ground humidity. 

The following illustration shows the relations of the TWI with distance from loess 
(DISTJL). 

The correlation of the combination of these factors for the study area is shown in 
Figure[l] 

The correlation dependent on the find sites is highlighted in red. 

For the total area there is a balanced distribution of the value ränge of both factors. 
There are both loess areas nearby and loess-distant areas with all levels of TWI. In relation 
to find sites containing segments, it is obvious that the density of find sites decreases with 
growing distance to loess. This tendency of the relief-controlled distribution of ground is 
compensated by increasing ground humidity. 

A cluster analysis of all find-site related values follows after analysis of the relations 
of all geofactors to each other. This method allows the transfer of data into a format that 
is applicable for multifactor testing. The classification of the geofactors values at the find 
sites was performed by a k-means cluster analysis. The cluster signifies the preference 
extent according to the density distribution over the whole spectrum of values. 

In the process, 10 target groups were defined. With an increasing number of find sites, 
the cluster were sorted from 1-10 (Fig.[2j. 

The TWI positively correlates with the site density. However, the maximal TWI 
does not represent the highest site density. Therefore, it is concluded that the TWI has 
a specific influence within the scope of the predictive model. The small variance of TWI 
within cluster 10 is noticeable which suggests the presence of a preferable ränge. From 
this data it is evident that the distribution of the archeological find sites is influenced by 
the TWI. 

The results of the cluster analysis can be transferred to the segments of the whole 
study area from which prognosis maps on every single geofactor can be derived (Fig. [Ö|. 

A comprehensive multifactorial prognosis of Settlement sites for the study area was 
generated by analyzing all parameters, the weighting of single natural environmental 
variables and the combination of factors. The development of an archaeological predictive 
model based on prior analysis of environmental features has been demonstrated by the 
example of the Early Bronze Age in Central Germany and shown to be comprehensive 
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Cluster 


Fig. 2 | Box plots of sorted 
TWI-Cluster from 1-10. 



Fig. 3 | Prognosis map for 
TWI, avoided (red) preferred 
(green). 


and transferable. The data volume has been reduced successful by the Segmentation of the 
area needing to be analyzed without loss of spatial Information. For the first time, this 
methodology has been successfully applied in this regional context. These results demon- 
strate that analysis of large study areas with different natural environmental features and 
geomorphologic characteristics is possible. In summary, this work provided the basis for 
further archaeological interpretations of find site distributions of the Early Bronze Age 
throughout Central Germany. 
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Chronology, Uncertainty and GIS: A 
Methodology for Characterising and 
Understanding Landscapes of the 
Ancient Near East 


Multi-scalar; landscape; Near East; chronological modelling; GIS; remote sensing. 


Modern archaeological research is confronted with a legacy of projects which Stretch back 
to the early 20th Century. Alongside this, massive amounts of disparate data are being 
generated by on-going excavation and survey. Scholars are also beginning to use satellite 
imagery to interpret and re-interpret archaeological data-sets both old and new. In the 
Near East this disparity is compounded by the diversity of dating schemes and inter- 
pretative frameworks used by archaeologists studying the region. Faced with these issues, 
how is it possible to combine such data into a coherent and comprehensive format, adding 
value to both old and on-going research projects? The Fragile Crescent (AHRC) and Van- 
ishing Fandscape (Leverhulme) Projects (Durham University) aim to draw together data 
derived from archaeological surveys and satellite imagery analysis into a single analytical 
framework. The projects have developed a methodology for understanding, analysing 
and presenting disparate chronological, morphological and methodological data across 
the Ancient Near East. This paper will illustrate how researchers have been able to re- 
vitalise old data, adding value through new approaches towards archaeological sites and 
landscapes via satellite imagery, remote sensing and spatial analyses. We will examine how 
integrating multiple chronological Systems and concepts of ‘uncertainty’ into a single 
GIS/Database framework can allow for a robust and detailed multi-scalar archaeological 
landscape analysis. Using case studies from the Fragile Crescent/Vanishing Fandscape 
Projects we will discuss how this methodology has led to new interpretations of urban 
and non-urban landscapes of the Ancient Near East. 


Old Data Sets, New Interpretations and the Role of Satellite 
Imagery 

Since the pioneering studies of Robert McCormick Adams 1 in Southern Mesopotamia, 
archaeologists working across the Ancient Near East have developed a large corpus of Set¬ 
tlement and landscape data. More recently this has been supplemented by the availability 
of high resolution satellite imagery and greater access to cartographic Information in the 
form of maps. The primary task of the Vanishing Fandscape and Fragile Crescent Projects 
is to bring together these disparate data sets from across Northern Mesopotamia into a 
single interpretative framework (Fig. [l}. The Interpretation of these different sources of 
Information, as well as differences between the methodologies by which the original data 
were obtained, results in a high degree of complexity. Rather than sweeping this complexity 


1 McCormick Adams 
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Fig. 1 [ Key datasets used in the Fragile Crescent and Vanishing Landscapes Projects. Background: Digital 
Elevation Model (DEM) derived from Shuttle Radar Topography Mission (SRTM) from February 2000 - 
Robert Dunford WGS84. 


under the carpet, the projects seek to embrace these discrepancies through concepts of 
certainty and uncertainty. Recording the relationship between data and Interpretation 
allows us to make sense of vast bodies of data at a regional scale. 


Concepts of Certainty and Extrapolation 

The collection, interpretation and presentation of field, imagery and cartographic data 
can be construed through the concept of certainty. When re-interpreting old field data 
there can be issues in reconstructing the ways in which field collections, survey or exca- 
vation was carried out. The extent to which material remains collected and documented 
at sites are fully representative of the original size or nature of assemblages is not always 
clear. Sites or landscapes may have been surveyed multiple times and it is important to 
retain the detail of the original investigations, whilst also allowing for cross-comparisons. 
Where primary field data does not exist for archaeological sites, data derived from satellite 
imagery and cartographic sources has been used (Fig. [TJ. In some cases, combinations of 
satellite data, place names and map features mean that it is possible to have a fairly high 
degree of certainty concerning the archaeological significance of a particular geographical 
location. In other cases, whilst it may be possible to recognise a place name/feature (e.g. 
“teil”) of archaeological interest on a map, no correlating feature may be distinguishable 
on satellite imagery, or vice versa. The Vanishing Landscape/Fragile Crescent database 
allows such variations to be stored and analysed by recording three types of interpreta¬ 
tion: Boundary Certainty, Geographical Precision and Archaeological Significance. The 
first two of these relate to the spatial extent and location of the site or feature in question, 
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whilst the third relates to the likelihood that the location is of interest to archaeologists. 
These three categories are designed to encompass all of the issues which are raised by 
the Interpretation of survey data, where site locations and extents may be difficult to 
assess but archaeological significance is normally known, and imagery/cartographic data, 
where location is less of an issue but boundary certainty and archaeological significance 
are more problematic. 

By recording information for survey and imagery data in the same area, we can 
begin to extrapolate from the known to the unknown. For example, survey and imagery 
analysis in the upland region of the Homs Basalt (Fig. [lj has enabled researchers to iden- 
tify several distinct Settlement morphologies which can be distinguished chronologically 
from one another based on extrapolation from field surveyed sites. This methodology 
has also been effective in the lowland areas of the Fragile Crescent Project (Fig. [l|) where 
it has been possible to extrapolate from known surveyed sites and interpret the wider 
distribution of conical teils. By manipulating different levels of certainty we can begin an 
analysis of unvisited sites. Maps can be produced, indicating the likelihood of certain 
morphologies or particular densities of occupation/settlement to be found across the 
landscape. Moreover, it is possible to identify zones where specific forms of Settlement 
and archaeological activity may be expected, but are absent in the satellite imagery. Such 
analyses mean we can begin to understand much broader areas than would ever be possi¬ 
ble via traditional survey. 


Chronological Modelling of Survey Data 

Projects collating data from a variety of sources and projects in the Near East are ham- 
pered by significant issues in dating and periodisation; different ceramic and lithic chrono- 
logies are used in different ways by different surveys, and even within individual projects 
some sites, archaeological features or forms of material culture can be more accurately 
dated than others. Inconsistencies in terminology used across regions may also cause 
Problems. In the Middle Euphrates Zone, for example, each of the four FCP surveys 
divided the millennia long EBA into Early, Middle and Late phases but none of these 
phases are of the same length. This can be further contrasted with surveys in the Upper 
Khabur Valley further east, where surveys generally split the same period into only two 
phases, an Early and Late EBA. When comparing surveys, we cannot therefore choose 
a single phase because the actual time periods under discussion would be of different 
lengths. The solution developed in the FCP, and discussed in this paper, is to use published 
chronologies to relate each phase to calendar dates in years (Fig.[2j. The period between 
the Start and end dates of any given chronological phase is considered the maximum 
length of time in which a site could be occupied. In the following graphs, attributes of sites 
are displayed by hundred year blocks. However, different scales can be used for a more 
nuanced or broader discussion of the trends being examined. Synthetic chronologies 2 pro- 
vide the basis for this relation, coupled with limited re-evaluation of the ceramics/lithics 
from the surveys themselves. By transforming the individual phases into a similar metric 
we can begin to model trends in Settlement in a way which allows for direct comparison 
between surveys. Using this approach we can directly compare Settlement at, for example 
2300 BC, across the Middle Euphrates region corresponding to the Mid-Late EBA phase 
in the KHS, and the Late EBA phase in the TS, LCP and SS, with 2200 BC, corresponding 
to the EBA-transition phase in the KHS and TS and the continuing LEBA in the LCP and 
SS. This method is only as accurate as the ceramic chronologies involved will allow, but 
it does permit the analysis of diachronic trends in settlement to be assessed across wide 
regions. 


2 e.g., Lebeau 2000 Cooper 2006 Porter[2Ö07b| Porter 2007a 
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Fig. 2 | Graphs of total settled area for six urban centres in Northern Mesopotamia (blue bars) and total 
settled area of the surrounding survey area (red lines) for the period between 5000 BC and 1500 BC. Note 
the data has been constructed by computing the total area for one hundred year time blocks. 


Preliminary Results: Urban Trajectories in the 4th and 3rd 
Millennia 

Düring the second half of the 3rd millennium BC, Northern Mesopotamia experienced 
a phase of rapid agglomeration of Settlement resulting in the development of a num- 
ber of large cities, often termed the ‘second urban revolution.’ 3 Using the survey data 
and chronological modelling method proposed above, we can relate the development 
of several of these urban centres to surrounding settlement. Figure [ 2 ] shows the area 
in hectares of six major urban centres from the river valley of the Middle Euphrates 
(left side) and the fertile plains of the Upper Khabur Valley (right side), along with the 
total area of settlement in the immediate surroundings derived from survey, from 5000 
BC to 1500 BC. Although factors such as the size and intensity of the survey have a 
significant effect on these results, we can begin to pick out major trends. Broadly speaking, 
Urbanisation in the Middle Euphrates region was accompanied by a rise in rural settle¬ 
ment, suggesting either an influx of populations from outside the area or possibly the 
accelerated sedentarisation of previously archaeologically ‘invisible’ mobile pastoralist 
populations. In contrast, Urbanisation in the Khabur Valley coincides with a decline in 
rural settlement, suggesting populations were drawn into developing urban centres from 
the surrounding area. A similar contrast can be seen in the decline of urban centres, with 
settlement in the Middle Euphrates collapsing in the vicinity of Titrish and Sweyhat, 
as well as in the Western part of the Upper Khabur at Teil Beydar. Further east, at Teil 
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Hawa and Teil Hamoukar, settlement continues and even expands during the Middle 
Bronze Age. These contrasting urban trajectories require further Interpretation, but may 
be related to the development of new strategies of agro-pastoralism and forms of political 
economy in the second half of the third millennium, and the subsequent breakdown of 
this fragile System. 4 


Conclusions 

The combination of technological advances in spatial Software, the increasing availability 
of remote sensing data and the development of a large body of archaeological research 
provides new and exciting opportunities for archaeologists working in the Middle East. 
However, the task of bringing such disparate datasets together also presents significant 
challenges and requires careful consideration. In this paper we have sought to demonstrate 
how concepts of certainty and precision can help us to retain an understanding of the 
quality of data which can then be interpreted at a variety of different scales. We have also 
presented a form of chronological modelling designed to mitigate some of the termino- 
logical and temporal differences inherent in large scale archaeological data comparison. It 
is hoped that such an approach can be of use in similar regional analyses both within the 
Middle East and further afield. 


4 Wilkinson et al. (forthcoming) Philip and Bradbury 


2010 


160-162. 
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An exchange of goods corresponds to an interaction between humans. Centrality is the 
measure of the concentration of such interactions—a central place its spatial manifesta- 
tion. The absence of these regional or super-regional interactions is considered as marginal- 
ity. In the prehistoric archaeological context, interactions are assessed using e.g. findings 
of ceramics and resources that are not present at the focused location, indicating Connec¬ 
tions and functions of more than local importance. 

We investigate the interaction in terms of obsidian exchange at two different Early 
Bronze Age 1 (EBAl, ca. 3000-2600 BC) locations in Western Anatolia. The first, Cukurigi 
Höyük, a Settlement dating from the Neolithic to the Early Bronze Age, has been being 
excavated since 2006 and is interpreted as a central place for obsidian exchange or trade 1 
while the second, Yeni Yeldegirmentepe, which was the subject of a field survey in 2009 
and only showed traces of occupation from the Early Bronze Age, is interpreted 2008 
and 2009 as a marginal, subsistence based location, which, at present, seems not to be 
integrated in the obsidian exchange network. 2 Of course the different methods of inves- 
tigation, survey and excavation at the two sites offer different degrees of insight, but the 
achieved results are noteworthy and shall be discussed. Moreover, the results from Yeni 
Yeldegirmentepe are taken as a selected case study and should be understood as pars pro 
toto for all EBA 1 sites in the valley analyzed and published so far. 3 


Natural Environmental Conditions 

The general environmental characteristic at both sites can be seen as comparable. They 
are characterized by a temperate climate, classified as Cs after Koppen and Geiger, 4 with 
wet winters and hot and dry summers. In combination with the soils, 5 especially in the 
alluvial plains, the area is favourable for agricultural purposes. 

At a site specific level, the yfikurigi Höyük is located in a tributary valley of the 
Kügük Menderes while the Yeni Yeldegirmentepe is located on a small geological hill 
within the valley of the Bakirgay. In terms of agricultural use the location of the former 
may be seen as more suitable, since the area is less liable to seasonal floods and, due to 
geomorphological characteristics, is better drained (Fig. |T}c). 6 The latter location within 
the floodplain of the Bakirgay is in this regard less suitable, since recent sedimentologic 
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investigations indicate swampy conditions throughout time (Fig. TJj ). 7 These differences 
in the local supply, indicated by suitability for agricultural production, are important, 
since specialized activities, such as trade, are just possible when a certain surplus is pro- 
duced to facilitate the effort of exchange. 8 

A crucial factor is the dynamic Holocene landscape development. The floodplains 
have been filled with alluvial Sediments of several meter thickness over the last 6000 
years, 9 thus many sites may be buried under these. Furthermore, due to the high Sediment 
load of the rivers, their deltas prograded towards the sea. In this context, the Qukurigi 
Höyük may be seen as a seaside location during the time of its occupation, with a several 
square kilometer large hinterland for local supply (Fig. [Tj ;). 10 The conditions around the 
Yeni Yeldegirmentepe are different and less clear. Many meters of alluvial Sediments were 
accumulated around the site, making assumptions about prehistoric conditions difficult. 11 
Nevertheless, its location within the floodplain indicates that the direct hinterland was 
prone to floods or backwater, influencing the reliability of annual agricultural produc¬ 
tion. Due to the different geomorphological and geological conditions, the site may not 
have had direct access to the sea in its history. 


Obsidian Occurrence and Exchange 

Different studies, investigating the occurrence of obsidian in Western Anatolia, indicate 
that obsidian was exchanged as raw material or already flaked tools at least since the 
Neolithic. 12 The obsidian in Western Anatolian sites comes from different sources: be- 
sides the majority that is from the Cycladic island of Melos also obsidian of Yali in the 
Dodecanese and from Central Anatolia is known. 13 

Melian obsidian and produced goods are found at seaside locations, while at sites lo- 
cated further inland, usually only finished products are found. 14 Findings of large amounts 
of produced tools at the Qukurigi Höyük support this idea of local production and their 
regional exchange. 15 Roughly two thirds of the knapped stone artifacts from that site 
were, despite available local chert resources, made of obsidian and it seems likely that it 
was dispersed from the (jhikurigi Höyük to other sites in the region. The quite constantly 
large amount of roughly 60 to 70%, sometimes even more, of tools made of obsidian is 
constant throughout the excavated Settlement phases, from the Neolithic to the Early 
Bronze Age. There is no evidence for a declining obsidian industry in the Early Bronze 
Age despite obviously available metal resources. A large amount of ovens and casting tools 
show that the Settlement produced and probably distributed copper and copper objects at 
least in the Early Bronze Age, underlining its role as a production and trading location. 16 
The Yeni Yeldegirmentepe (as also all other EBA 1 sites in the valley) on the other hand 
showed no signs of a sophisticated stone or metal industry or imported resources. Ap- 
parently this Settlement did not participate in any raw material exchange network since 
there is no obsidian and no signs of local metallurgy. The different spectrum of artifacts 
recovered at the two sites shows that the Settlements were of different importance. This 
might be due to their different geographical locations, knowledge and attachment to 
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Fig. 1 | (a) General overview of the research area with Undings of obsidian; (b) Yeni Yeldegirmentepe in 
regional context, showing its location in a strongly flood prone area; (c) (Jukurifi Höyük in regional context 
showing its location in a secured, weakly flood prone area. Furthermore, the reconstructed Neolithic 
coastline (based on Kraft et al. I 
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(elevation data based on Jarvis et al. 
Team 


2011 


371) advocates the assumptions of the site’s role as a seaside location 


2008; calculation using GRASS GIS Software of GRASS Development 
MTI index (modified topographic index) based on Manfreda, Di Feo, and Sole|2011—it is an 
advancement on the Topographic Index developed by Beven and Kirkby 1979 for the delineation of areas 
exposed to flooding using information on the basin topography). 


exchange networks, which might to some degree also be due to the apparently shorter 
occupation of the Yeni Yeldegirmentepe. 

Melian Obsidian can be found in most Western Anatolian sites, with declining quan- 
tities further inland, as for example in Aphrodisias 17 or Beycesultan, 18 but also in higher 
quantities at e.g. Liman Tepe or Bakla Tepe, altogether clear hints that obsidian industry 
does play a role in EBA. In northwestern Anatolia on the other hand obsidian artifacts are 
a rather rare Commodity compared to various sites in the Izmir region and the Cukurigi 
Höyük in particular, for instance in Troy 19 or Demircihüyük. 20 This might be due to 
different exchange networks or harder transport routes. Also with a greater distance 
eastwards from the coast, other obsidian deposits in central Anatolia become available. 
Surprisingly, the Qukurigi Höyük also received some obsidian from that region in the 
Early Bronze Age, 21 which is another indicator for a wide ranging exchange network. 
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In our opinion, the amount of c. 15% obsidian in Demirfihüyük seems not much in comparison to 
results at othe r sites discussed here, even more so if we would follow the published interpretations by 
Baykal-Seeher 1996 that the whole assemblage from EBA layers should possibly date in Chalcolithic 


periods. A detailed discussion of a complex chronological interpretation of Late Chalcolithic and Early 
Bronze Age lithic technologies cannot be undertaken here. 
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Fig. 2 [ (a) Theory of a Settlement network with gateway locations, (b) Interpretation of the role of the 
investigated sites in a resource exchange network based on gateway locations. 


Synthesis 

Due to findings of obsidian throughout the Western Anatolian coast, marine trade may be 
seen as common since Neolithic times. To facilitate sustainable trade it is mandatory that 
the local supplying hinterland is productive and that the site has access to regional and 
super-regional traffic or exchange networks: conditions that are present at the (Jukurifi 
Höyük and absent at the Yeni Yeldegirmentepe. 

We presume that seaside locations on the Western Anatolian coast may be seen as 
gateway locations 22 that function as focal points in the integration of its surrounding 
region into larger economic networks - in this regard obsidian exchange (Fig. |2ji). 23 The 
Cukuriy Höyük, with its local supplying hinterland and its location that combines ma¬ 
rine and terrestrial traffic, may be understood as such a gateway location (Fig. [djj). In 
contrast, the Yeni Yeldegirmentepe does not have this locational advantage concerning 
traffic and its environs seem less suitable for a permanent local supply, indicatingthat it 
was just of local importance without regional or super-regional Connections (Fig. ßp). 

At present this is just a hypothesis since the state of knowledge is fragmented. Never- 
theless, ongoing research in the surroundings of the Yeni Yeldegirmentepe 24 and (Jukurifi 
Höyük 25 as well as at other sites of Western Anatolia like Bakla Tepe 26 or Liman Tepe 27 
may lead to further important insights in the understanding of obsidian exchange. 


22 Burghardt 1971 


23 McKenzie 196/ 


Hirth 

5. 


1978 


24 Horejs[( 

in press) 


25 Horejs et al. 2Ü11 


26 Erkanal 

200851 ' 


27 Erkanal 

2008b, §ahoglu 

2008 





















Concepts of Centraüty and Models of Exchange in Prehistoric Western Anatolia 


365 


Bibliography 

Baykal-Seeher 1996 

A. Baykal-Seeher. “Die Lithischen Kleinfunde”. In Demircihüyük. Die Ergebnisse der 
Ausgrabungen 1975 - 1978. Band IV: Die Kleinfunde. Ed. by M. Korfmann. Mainz: 
Philipp von Zabern, 1996, 7-169. 

Bergner, Horejs, and Pernicka 2009 

M. Bergner, B. Horejs, and E. Pernicka. “Zur Herkunft der Obsidianartefakte vom 
yukurigi Höyük”. Studia Troica 18 (2009), 249-272. 

Beven and Kirkby 1979 

K. J. Beven and M. J. Kirkby. “A Physically Based, Variable Contributing Area Model 
of Basin Hydrology”. Hydrological Sciences Bulletin 24 (1979), 43-69. DOI: 10.1080/ 
02626667909491834 

Burghardt 1971 

A. F. Burghardt. “A Hypothesis About Gateway Cities”. Annals of the Association of 
American Geographers 61.2 (1971), 269-285. DOI: 10.1111/j . 1467-8306.1971. 
tb00782.x 

Erkanal 2008a 

H. Erkanal. “Die neuen Forschungen in Bakla Tepe bei Izmir”. In Proceedings of the 
International Symposium. TheAegean in the Neolithic, Chalcolithic and the Early Bronze 
Age. October 13th-19th 1997, Urla - Izmir (Turkey). Ed. by H. Erkanal et al. Ankara: 
Ankara University, 2008, 165-177. 

Erkanal 2008b 

H. Erkanal. “Liman Tepe. New Light on Prehistoric Aegean Cultures”. In Proceedings 
of the International Symposium. The Aegean in the Neolithic, Chalcolithic and the Early 
Bronze Age. October 13th-19th 1997, Urla - Izmir (Turkey). Ed. by H. Erkanal et al. 
Ankara: Ankara University, 2008, 179-190. 

GRASS Development Team 2011 

GRASS Development Team. Geographie Resources Analysis Support System (GRASS) 
Software. Open Source GeospatialFoundation Project. 2011. < http://grass.osgeo.org > 
(14.06.2012). 

Gatsov 1998 

I. Gatsov. “Technical and Typological Analysis of the Chipped Stone Assemblages 
from Troia”. Studia Troica 8 (1998), 161-117. 

Georgiadis 2008 

M. Georgiadis. “The Obsidian in the Aegean Beyond Melos. An Outlook from Yali”. 
Oxford Journal ofArchaeology 27.2 (2008), 101-117. 

Grund 1906 

A. Grund. Vorläufiger Bericht über physiogeographische Untersuchungen im Deltagebiet 
des Kleinen Mäander beiAjasoluk (Ephesus). Sitzungsberichte der kaiserlichen Akademie 
der Wissenschaften in Wien 115. Wien: Kaiserlich-Königliche Hof- und Staatsdruck¬ 
erei, 1906. 



366 


Daniel Knitter et al. 


Hirth 1978 

K.G. Hirth. “Interregional Trade and the Formation of Prehistoric Gateway Com- 
munities”. American Antiquity 43.1 (1978), 35-45. DOI: 10.2307/279629. 

Horejs (in press) 

B. Horejs. “The 2nd millenium BC in the Bakircay (Kayos) Valley. An OverView”. In 
Festschrift Universität Ankara. Ankara. In press. 

Horejs 2010 

B. Horejs. “Bronzezeitliche Besiedlungsmuster im Kaikostal. Interpretationen erster 
Surveyergebnisse im Umland von Pergamon (Türkei)”. In Siedlung und Handwerk. 
Studien zu sozialen Kontexten in der Bronzezeit. Beiträge zu den Sitzungen der Arbeits¬ 
gemeinschaft Bronzezeit 2007 und 2009. Ed. by B. Horejs and T. Kienlin. Universitäts¬ 
forschungen zur prähistorischen Archäologie 194. Bonn: Habelt, 2010, 47-67. 

Horejs et al. 2011 

B. Horejs et al. “Aktivitäten und Subsistenz in den Siedlungen des C/ukurigi Höyük. 
Der Forschungsstand nach den Ausgrabungen 2006-2009”. Praehistorische Zeitschrift 
1 (2011), 31-66. DOI: 10.1515/PZ.2011.003, 

Jarvis et al. 2008 

A. Jarvis et al. Hole-filled Seamless SRTM Data V4, International Centre for Tropical 
Agriculture (CIAT). 2008. URL: http://srtm.csi.cgiar.org. 

Kayan 1999 

I. Kayan. “Holocene Stratigraphy and Geomorphological Evolution of the Aegean 
Coastal Plains of Anatolia”. Quaternary Science Reviews 18.4/5 (1999), 541-548. DOI: 
10.1016/S0277-3791(98)90095-6. 

Kottek et al. 2006 

M. Kottek et al. “World Map of the Köppen-Geiger Climate Classification Updated”. 
Meteorologische Zeitschrift 15.3 (2006), 259-263. DOI: 10.1127/0941-2948/2006/ 
0130 

Kraft et al. 2003 

J. C. Kraft et al. “Sedimentary Facies Patterns and the Interpretation of Paleogeo- 
graphies of Ancient Troia”. In Troia and the Troad - Scientific Approaches. Ed. by 
G.A. Wagner, E. Pernicka, and H.-P. Uerpmann. Berlin: Springer, 2003, 361-377. 

Leurquin 1986 

J.L. Leurquin. “Chipped Stone. Chipped Stone Analysis 1975-1982”. In Prehistoric 
Aphrodisias. An Account of the Excavations and Artifact Studie. Ed. by M. Joukowsky. 
Archaeologia Transatlantic 3. Providence: Brown University, Center for Old World 
Archaeology and Art, 1986, 240-285. 

Lloyd and Mellaart 1962 

S. Lloyd and J. Mellaart. Beycesultan I. The Chalcolithic and Early Bronze Age Layers. 
Ankara: British institute of Archaeology at Ankara, 1962. 

Manfreda, Di Leo, and Sole 2011 

S. Manfreda, M. Di Leo, and A. Sole. “Detection of Flood-Prone Areas Using Digital 
Elevation Models”. Journal of Hydrologie Engineering 16.10 (2011), 781-790. DOI: 
10.1061/(ASCE)HE.1943-5584.0000367. 




Concepts of Centrality and Models of Exchange in Prehistoric Western Anatolia 


367 


McKenzie 1967 

R. D. McKenzie. The Metropolitan Community. New York: Rüssel & Rüssel, 1967. 
Perles, Takaoglu, and Gratuze 2011 

C. Perles, T. Takaoglu, and B. Gratuze. “Melian Obsidian in NW Turkey. Evidence 
for Early Neolithic tTade”. Journal ofField Archaeology 36.1 (2011), 42-49. 

Schneider, Bebermeier, and Schütt 2010 

S. Schneider, W. Bebermeier, and B. Schütt. “Geoarchäologische Untersuchungen 
im westlichen Kaikostal. Erste Ergebnisse”. Archäologischer Anzeiger 2010/2 (2010), 
183-188. 

Schulz and Paul 2002 

M. Schulz and A. Paul. “Holocene Climate Variability on Centennial-to-Millennial 
Time Scales. 1. Climate Records from the North-Atlantic Realm”. In Climate Devel¬ 
opment and History of the North Atlantic Realm. Ed. by G. Wefer, K.-E. Behrke, and 
E. Jansen. Berlin/Heidelberg: Springer, 2002, 41-54. 

Sieferle 1997 

R.P. Sieferle. Rückblick auf die Natur. Eine Geschichte des Menschen und seiner Umwelt. 
München: Luchterhand, 1997. 

Spaargaren 2008 

O. Spaargaren. “Fluvisols”. In Encyclopedia of Soil Science. Ed. by W. Chesworth. 
Dodrecht: Springer, 2008. 

Walter and Breckle 1991 

H. Walter and S.-W. Breckle. Ökologie der Erde: Spezielle Ökologie der gemäßigten und 
arktischen Zonen Euro-Nordasiens. Zonobiom IV-IX. Vol. 4. Stuttgart: Fischer, 1991. 

§ahoglu 2008 

V. §ahoglu. “Liman Tepe and Bakla Tepe. New Evidence for the Relations Between 
Izmir Region, The Cyclades and the Greek Mainland Düring the Late Fourth and 
Third Millenia BC”. In Proceedings of the International Symposium. The Aegean in the 
Neolithic, Chalcolithic and the Early Bronze Age. October 13th-19th 1997, Urla - Izmir 
(Turkey). Ed. by H. Erkanal et al. Ankara: Ankara University, 2008, 483-501. 


Daniel Knitter (corresponding author), Excellence Cluster Topoi, Research Area A-I-21, 
Freie Universität Berlin, Department of Earth Sciences, Physical Geography, Malteser¬ 
straße 74-100, 12249 Berlin, Germany, daniel.knitter@topoi.org 


Max Bergner, Austrian Archaeological Institute, Franz Klein-Gasse 1, A-1190 Vienna, 
Austria 


Barbara Horejs, Austrian Archaeological Institute, Franz Klein-Gasse 1, A-1190 Vienna, 
Austria 



368 


Daniel Knitter et al. 


Brigitta Schütt, Excellence Cluster Topoi, Research Area A-I-21, Freie Universität Berlin, 
Department of Earth Sciences, Physical Geography, Malteserstraße 74-100, 12249 Berlin, 
Germany 


Michael Meyer, Excellence Cluster Topoi, Research Area A-I-21, Freie Universität Berlin, 
Department of History and Cultural Studies, Prehistoric Archaeology, Altensteinstraße 
15, 14195 Berlin, Germany 



Journal for Ancient Studies 



Special Volume 3 (2012), pp. 369-375 


Andrea Ricci - Barbara Helwing - Tevekkül Aliyev 

The Neolithic on the Move: High Resolution 
Settlement Dynamics Investigations and Their 
Impact on Archaeological Landscape Studies in 
Southwest Azerbaijan 


in Wiebke Bebermeier - Robert Hebenstreit - Elke Kaiser - Jan Krause (eds.), Landscape 
Archaeology. Proceedings of the International Conference Held in Berlin, 6th - 8th June 2012 


Edited by Gerd Graßhoff and Michael Meyer, 
Excellence Cluster Topoi, Berlin 

eTopoi ISSN 2192-2608 
http://journal.topoi.org 


Except where otherwise noted, 
content is licensed under a Creative Commons 
Attribution 3.0 License: 
http://creativecommons.Org/licenses/by/3.0 




Andrea Ricci - Barbara Helwing - Tevekkül Aliyev 


The Neolithic on the Move: High Resolution 
Settlement Dynamics Investigations and Their 
Impact on Archaeological Landscape Studies in 
Southwest Azerbaijan 


Azerbaijan; landscape; Neolithic; mobility; Caspian Sea. 


Since summer 2009, a joint German—Azerbaijani research project has been investigat- 
ing early sedentism in the Mil Steppe of south-western Azerbaijan (Agcabadi Rayon). 
The study region Stretches between the confluence of the Kura and Aras Rivers and 
the Qarabakh Mountains, and forms the north-western extension of the better-known 
Iranian Mughan Steppe. Intensive survey and geoarchaeological studies are coupled with 
archaeological on-site investigations to understand early settlement developments and 
human-environment dynamics. Satellite imagery provides the basic framework for the 
archaeological landscape studies. In particular, CORONA images from the late 1960s 
and early 1970s play a key role for the preliminary detection of both archaeological sites 
and landscape features. 1 Ground checking is conducted to verify the imagery’s signal but 
a combination of survey techniques—from low to intensive surface collection—is also ap¬ 
plied to document the whole archaeological landscape signature and record archaeological 
sites and features for the entire course of the Holocene. Hand-held GPS and field Com¬ 
puters enable site recording and features location, whereas a Geographical Information 
System (GIS) makes rigorous record Integration and Statistical analysis possible at differ¬ 
ent spatio-temporal levels. 2 In this paper, by briefly presenting the data gathered during 
the 2010 and 2011 field seasons of the Mil Plain Survey (MPS), we address the question 
regarding the degree of mobility of the late Neolithic 6th milk BCE communities in this 
region. 

Along the Kara Qay River, the major natural water course in the area, a stable “land¬ 
scape of survival” 3 has preserved numerous archaeological sites and features. 4 Here, the 
survey has documented a total of 46 sites (Fig. [7} dated from the Neolithic to the late 
Medieval times. In particular, a dense pottery Neolithic occupation occurs at 18 sites. 
These are often situated along the margins of the modern river valley on low natural 
ridges or river terraces that slope down towards the floodplain. They are found every 1 
to 1.5km, but clusters of sites at a very close distance to each other also occur. Most of 
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Fig. 1 | The Neolithic sites documented during the MPS 2010 and 2011 seasons mapped over a combined 
CORONA (CORONA 1110-1057DA111; 24 May 1970) and SRTM DEM 2002 images (courtesy of the 
USGS), Copyright A. Ricci 


the sites are small, ranging between 0.5 and 1ha in size, and abundant Neolithic artefacts 
are often recorded on extended flat areas or low mounds with shallow deposits. This is 
the case, for example, of Sites MPS 4 and MPS 5, where excavations have brought to light 
mud brick domestic structures, dated respectively at the first half and the mid-second 
half of the 6th Mill. BCE. 5 Site MPS 18 is located on a low natural ridge and appears 
to be composed of a series of small low mounds which form a large, multi-mounded 
complex with pottery and lithics fragments spreading over an area of more than 8ha. Both 
magnetometric investigations 6 and cleaning of exposed sections 7 confirm the presence of 
built structures at this site. In contrast, at Site MPS 36 another exposed section evidences 
the lack of architectural features, and the presence of several ashy deposits suggests that 
ephemeral or short-living occupations took place at least in that part of the site. 

Along the lower course of the Kara Qay, several erosion surfaces affected the Holocene 
fluvial terrace formations. The variability of the depositing or incising phases of the Kura 
tributaries seems to closely follow the eustatic variations of the Caspian Sea. 8 The low 
declivity piedmont morphology of the area with high siltation, low solid transport and 
difficult drainage capacity caused intensive shifts of the Kura River tributaries, such as the 
Kara Cay, which split into numerous meanders and swampy areas. 9 The slightly higher 
topographic location of Kamiltepe provided protection against flooding and frequent 
shifts in the river courses and, during the mid 6th Mill. BCE, the spot was selected for 
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Fig. 2 | The massive mud brick platform of Kamiltepe, (Copyright: DAI). 


building a massive sub-circular platform (Fig. [ 2 ]). 10 Unfortunately, the upper part of this 
mud brick construction no longer existed prior to the beginning of excavation in 2009 
but, on the basis of the micromorphological analysis of thin sections, it can be assumed 
that one or more built structures made of mud and vegetal materials had been erected 
on top of it. 11 Located in the rather flat landscape of the lower Kara £ay Valley, Kamil¬ 
tepe was a monumental landmark visible from a distance. For multi-sited, highly mobile 
groups with loose physical borders, Kamiltepe might have acted as an anchoring place 
to which the 6th millennium BCE communities feit attached and where they gathered 
to perform communal rituals. The latter might have also included commensal events or 
‘feasting,’ 12 as suggested by large quantities of bones of domesticated and wild animals 
recovered in several dumping ashy layers around the platform. 13 The variety of ceramic 
vessels used for eating and drinking 14 as well as the botanical remains 15 and use-wear 
analysis on stone tools 16 found in these contexts also provide evidence for intense and 
varied activities of food preparation and cooking directly linked to practices of food 
consumption. These forms of recurrent community social anchoring practices might have 
tightened up relations among dispersed but integrated small social groups. 17 

The Kara Qzy 6th millennium BCE landscape was dotted with a high number of small 
camps or ephemeral occupations that resulted in a large Neolithic landscape palimpsest. 
It is difficult to believe that all these Neolithic presences were contemporaneously oc- 
cupied. Shallow teils and short Stratigraphie sequences suggest that the “life cycle” of 
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these Neolithic sites was rather short. Habits of inhabiting and using structures, sites 
and landscapes comprise practices of frequent abandonments and the re-establishing of 
occupations not exactly on the same location. Possibly the same area was repeatedly 
visited for a short time, perhaps on a seasonal basis: it was occupied, abandoned and 
newly reoccupied afterwards. Only a few more stable sites seem to have been inhab- 
ited and in use for longer periods of time: Kamiltepe with its massive platform and its 
possibly “special” social function, and maybe Site MPS 18, with built structures but 
with shifting on-site occupations that formed distinct small mounds. The landscape of 
highly mobile Neolithic communities with incipient recognition of pivotal sites neither 
led to the merging of single sites nor to teil formation. At first glance, this practice might 
appear unstable, but possibly the System itself “functioned” successfully within this con- 
tinuous settlements’ shifting. The vulnerability to floods or water resource accessibility 
(ultimately the fluctuations of the Caspian Sea) might have influenced the distribution of 
human occupations. However, was it the only driving factor for practising mobility as 
a condition for the exploitation of a highly dynamic and changing environment, or did 
other socio-economic variables play a role in shaping this practice of life? Mobility might 
have considerable adaptive advantages in terms of subsistence, but it also had substantial 
socio-economic implications. And, in fact, multi-sited Constitution of mobile communi¬ 
ties seems to have been a way of settling the landscape by other late Neolithic groups, as 
for example in Syria along the Balikh River, 18 or in Southern Turkey on the banks of the 
Euphrates River, 19 where there is no sign that mobility was forced by major disruptions 
or shortages in natural resources. 

This preliminary model necessitates additional investigation. Further surveys will be 
conducted to determine the area and extent of community mobility and to possibly iden- 
tify different phases of the apparently short-period Neolithic occupations. Excavations on 
both focal sites and smaller camps might provide materials to address the temporal scale 
of a community’s movements. Eventually this will allow an understanding of whether 
mobility occurred on a seasonal basis or in the long run, and if the entire community or 
only one part of it moved out, possibly with herds, during certain periods of the year, 
while others remained in the hamlet all year round. 
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Introduction 

The Somma-Vesuvius volcano has affected the landscape of Campania (Italy) for tens of 
thousands of years and the fate of the people living there since the Bronze Age. Important 
factors for settlement are the warm Mediterranean climate and the periodically replenish- 
ing fertility of the volcanic soils that favoured the establishment of settled agriculture. 
Today more than one million inhabitants live in the circum-Vesuvian region, making it 
one of the most densely populated regions in Italy (1,822 inhabitants per km 2 ; Regione 
Campania 2001). Due to the volcanic activity of Somma-Vesuvius the livelihood of the 
people has always been permanently threatened. Historical eruptions repeatedly repre- 
sented devastating caesuras in the history of settlement of the region, as documented by 
numerous archaeological sites that are conserved within the volcanic stratigraphy. 

One of the most well-known volcanic eruptions in history is the explosive eruption 
of Somma-Vesuvius in AD 79. In the course of this eruption the ancient towns of Pompeii 
and Herculaneum were destroyed, thousands of people died and the entire landscape of 
the Sarno River plain was buried in an instant by several metres of pyroclastic material. 
Hence, apart from the archaeological Undings, artefacts and Settlements, also the agricul- 
turally utilised soils and the biogeographic conditions of that ancient cultural landscape 
were sealed and conserved in the state from before the disaster. 1 Whereas, today, most 
of ancient Pompeii is excavated and has been comprehensively studied, the surrounding 
rural landscape is still largely unexplored, lying underneath a covering of up to 15m of 
volcanic deposits. Consequently, in 2006 a team of archaeologists and geographers came 
together in the German Archaeological Institute to set up a geoarchaeological research 
project that aims at reconstructing the ancient paleo-environmental and socio-economical 
conditions of the hinterland of Pompeii before the eruption of Somma-Vesuvius in AD 
79. The objective of this article is to give a short overview of the different interdisciplinary 
subprojects, the methodologies applied, and selected results obtained. 


Pre-AD 79 Landscape Model 

To generate a landscape model of the Sarno River plain from before AD 79 more than 
1,800 stratigraphical drillings were at our disposal, providing a representative network 
of stratigraphical data. They contain Information concerning the thickness of AD 79 
volcanic deposits, the depth of the pre-AD 79 stratum and its paleo-environmental char- 
acteristics. A geostatistical approach based on the stratigraphical data, a high resolution 


1 Seiler 


2011 
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present-day digital elevation model (DEM) and decision trees was applied to reconstruct 
a pre-AD 79 DEM for the Sarno River plain. This methodology utilises the empirically- 
calculated spatial relationship between a dependent variable of an incomplete dataset and 
several independent variables that cover the entire study area. 2 As dependent variables we 
use the stratigraphical data from the drilling dataset and as independent variables we use 
the present-day digital elevation model (DEM) and deduced primary and secondary relief 
Parameters (Fig. ml. 3 Subsequently, the combination of the paleo-topography and the 
paleo-environmental character of the pre-AD 79 stratum allowed for the delineation of 
the ancient coastline, the natural course of the ancient fluvial network and its floodplain 
(Hg-!." Knowledge of the topography and the environmental conditions before AD 79 
is the basis for the following more detailed geoarchaeological research in the Sarno River 
plain. 


Ancient Rural Settlement Structure 

The rural landscape around Pompeii consisted of a dense network of Roman farms ( villae 
rusticae). They are believed to have been of vital importance for agricultural production 
and food supply to the cities and thus represented the interactive rural-urban relationship 
in the Sarno River plain. 

The systematic investigation of the bibliographical references, unpublished documen- 
tary material as well as our own field work yielded a dataset of about 150 villae rusticae in 
the Sarno River plain. In this context all graphical documents (e.g. maps, plans, detailed 
drawings), photographs and other archival material were digitised, vectorised and filed in 
a database. The geographical location of the villae rusticae was digitised and georeferenced 
by means of geographic information Systems (GIS) (Fig.[2j. Furthermore, complex spatial 
analyses were executed combining the archaeological data with the geographical data. 
The aim is to study the spatial distribution of the villae rusticae, their Orientation to 
one another and towards the urban centres Pompeii, Nuceria and Stabiae, as well as to 
dehne their paleo-topographical location. We hypothesise that the spatial distribution of 
the Roman farms depends on both socio-economic and environmental conditions before 
AD 79. The former is represented e.g. by the attraction of the urban centres, which we 
believe to have a spatial impact on the distribution of villae rusticae in the plain. The latter 
is represented by the modelled pre-AD 79 paleo-topography and paleo-environmental 
conditions of the Sarno River plain. Based on that, an inductively-derived predictive 
modelling approach will be applied to determine the potential total area of the Sarno 
River plain that could have been occupied by Roman farms and agricultural production 
before AD 79. This leads to the fundamental question of the productivity of the villae 
rusticae in the hinterland of Pompeii. 


Ancient Road Network 

Investigation of the ancient road network is confronted with the main difficulty that as 
yet no systematic excavation of an ancient road has been undertaken. Other obstacles 
to systematic field research are caused by the growing modern Urbanisation of the Sarno 
River plain and the fact that the pre-AD 79 surface lies covered by huge volcanic and 
fluvial depositions. Consequently, we suggest that spatial modelling could be a promising 
approach for a better understanding of the infrastructural development of that region. 


2 

3 
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A detailed description of the methodology is given in Vogel and Marker 
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Fig. 1 | Schematic diagram of the general methodological design of the model generation. 


We hypothesise that the ancient road network connecting the Roman farms with the 
urban centres followed mainly physiographic constraints. Consequently, a terrain sen¬ 
sitive least-cost path analysis is carried out based on the modelled pre-AD 79 paleo- 
topography and paleo-environmental features. Especially in the mountainous areas of 
Somma-Vesuvius, the Lattari and the Sarno Mountains, an important criterion of route 
selection is the slope angle. Within the plain the paleo-Sarno River and its floodplain 
must have influenced movement considerably while the pre-AD 79 coastline represents 
the Western limit of the study area. 


Political-Administrative Boundaries 

The proposed pre-AD 79 landscape model of the Sarno River plain helps us to delin- 
eate political-administrative boundaries between the ancient cities Pompeii, Nuceria and 
Stabiae. The Sarno River plain occupies a surface area of approximately 210km 2 . In the 
south and east it is flanked by the Lattari and Sarno Mountains, belonging to the Apen- 
nine Mountain chain. To the north the plain adjoins to Mount Vesuvius whereas in 
the west it has an approximately 10km coastline with the Tyrrhenian Sea. Following 
the territorial distribution of inscriptions naming people or magistrates, on the basis of 
epigraphical studies, it is possible to distinguish the borders of the territories of Nuceria, 
Stabiae and Pompeii from other territories like Nola in the north-east, and Salernum in 
the south-east. Here the geographical borders such as the modelled paleo-Sarno River and 
mountain passes also have a delimiting role (Fig. [2]). 
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Fig. 2 | Selected socio-economical and paleo-environmental conditions of the Sarno River plain before AD 
79. 


Modelling the Ancient Soil Thickness 

From our extensive network of stratigraphical data we also have Information on the 
thickness of the pre-AD 79 paleosols. In natural Systems the thickness of a soil is par- 
ticularly a function of local topography. Steep slopes are subject to erosion processes 
resulting in thinner soil cover whereas soils on flat surfaces, e.g. along the foot slopes of a 
mountain, are much thicker due to the accumulation of eroded material. Consequently, 
following a catena approach, it can be hypothesised that the thickness of the pre-AD 79 
paleosol is controlled by the pre-AD 79 topography. Since we have modelled the pre- 
AD 79 topography it is possible to systematically analyse the correlation between soil 
thickness and topography, identifying areas that were subject to erosion or accumulation 
processes before AD 79. A model will be generated that predicts the paleosol thickness 
for the entire Sarno River plain. Hence, the areas of the Sarno River plain that are covered 
by a terrestrial soil of sufficient depth for agricultural use can be determined. 


Conclusions and Outlook 

A short summary has been given on the different geoarchaeological subprojects that 
aim to reconstruct the ancient cultural landscape around Pompeii before the eruption 
of Somma-Vesuvius in AD 79. 5 The results of the individual subprojects will be merged 
to characterise both socio-economical and paleo-environmental conditions in Roman and 
pre-Roman times, providing detailed insights into ancient landuse, the internal structure 


5 <http://www.salve-research.org>(14.06.2012) 
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of the Sarno River plain and the relationship between the urban centres and the hin- 
terland. Finally, this leads to a systematic and comprehensive Interpretation: (i) of the 
ancient landscape structure before AD 79, (ii) of the role of the Roman farms (villae 
rusticae ) and their agricultural productivity and (iii) of the economic potential and social 
structure of the Sarno River plain. 
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The main subject of this paper is the Settlements of the Piombino Plain (Livorno, Italy), 
from the first Iron Age to late Antiquity. The study is based on archaeological and to- 
pographical data gathered during the last thirty years by a local association of volunteers 
(Associazione Archeologica Piombinese), with the aim of protecting the archaeological 
heritage of the whole valley of the River Cornia. Data published by the team of the Uni- 
versity of Siena, Chair of Landscape Archaeology, engaged in distinct survey campaigns 
over the last 10 years, are considered as well. 1 

The research was carried out with the aim of clarifying some aspects of the landscape 
(such as the extent of the ancient lagoon) and of the Settlement Organization of the area, 
with special attention to the Orientalizing and Archaic periods, ignored by previous stud- 
ies. On the other hand, the final outcome of the study was the edition of an archaeological 
chart, to be used for preservation purposes, thanks to Cooperation with the office of the 
Italian Ministry of Culture in charge of the preservation of the archaeological heritage of 
Tuscany. 

The Plain of Piombino is the lower part of the hydrographic basin of the River Cor¬ 
nia. Marshes fed by the river occupied part of the plain until the 19th Century, as stated 
by a number of historical maps. In modern times, starting in 1828, the area was drained 
for health and agricultural purposes. Our analysis is mainly based on maps from the end 
of the 18th and the beginning of the 19th Century, the only ones that accurately represent 
geographical features and geometric characteristics that fit with modern cartography. 2 

However, the presence of a Coastal lagoon or of a bay is recorded in maps from the 
15th Century on. 3 Understanding its presence, shape and features in ancient times is key 
for a correct reconstruction of the Settlement strategies. 

In recent years some authors have tried to give a reconstruction of the lagoon in 
antiquity, focusing only on single elements, such as distribution of the archaeological 
sites, historical maps or ancient sources. 4 However, only a multidisciplinary approach 
could help solve the problem. 5 

Here an attempt to review the key elements: 

Ancient sources are not so useful because they do not provide any sure elements for 
the reconstruction of the ancient topography of the area. The most important source is 
Rutilius Namatianus (. DeReditu, I 399-414), who gives a vague description of an area with 
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a number of ‘piscaria’ during his stop at Falesia (modern “Portovecchio,” in the Southern 
part of the Promontory of Piombino) and in another passage talks about a gulf near 
Populonia that draws inland ( Proxima securum reserat Populonia litus/qua naturalem ducit 
in arva sinum). According to Andrea Camilli 6 this could be the description of the wide 
lagoon south of the ancient town. A passage by Livy (XXX 39.1) about the Roman flcct 
taking shelter near Populonia during a storm, is even more unclear: 

Claudium consulem profectum tandem ab urbe inter portus Cosanum Loretanumque 
atrox vis tempestatis adorta in metum ingentem adduxit. Populonium inde cum pervenisset 
stetissetque ibi dum reliquum tempestatis exsaeviret, Ilvam insulam et ab Ilva Corsicam, a 
Corsica in Sardiniam traiecit. 

According to Camilli, 7 the quotation shows evidence of the existence of a mooring 
area wider than the Baratti bay (traditionally considered the main harbor of Populonia, 
too little for gathering the entire Roman fleet), but no topographic description is provided 
by the Roman historian, so is not possible to have any idea of the mooring post of the 
battleships. 

Tabula Peutingeriana is not useful either. It is hard to link the non-naturalistic, round 
shape of an inland lake close to Aquae Populoniae to a Coastal lagoon. 8 

Historical maps provide great help in reconstructing the shape of the wetland; 9 the 
best ones are the later ones: the map of the Plain of Campiglia, drawn in 1830, is impor¬ 
tant for locating the area now drained and useful for the analysis of site distribution (an 
absence of archaeological record in the area of drainage does not necessarily indicate an 
absence of sites, but could be caused by the presence of thicker layers of ground protecting 
the archaeological stratification). 

Geological data give some basic indications of the extern of the wetland: recent geo- 
physical analysis showed the presence of a water basin during the Holocene, and gave 
its maximum extern (dating back to 5000-6000 bp), allowing us to locate the Etruscan 
and Roman lagoon inside this area, and to reject the reconstruction of Carlo Isola, who 
proposes an extremely wide wetland. 10 According to further studies, the presence of a 
Coastal dune of sand is recorded by the Ist millennium BC. 11 

A cross analysis of historical and geological sources and of the distribution of archae¬ 
ological records can give an idea of the approximate extent of the lagoon from the Iron 
Age to late antiquity, even if an exact reconstruction and evolution of the coastline is not 
possible at the moment. Some authors 12 connect the presence/absence of recorded sites 
with the 2m a.s.l. contour line; indeed the number of sites under that level is very low. 
A new hydrographic, GIS based model, presented by L. Cappuccini at the last Congress 
of the National Institute of Etruscan Studies could be useful, but needs to be calibrated 
using the archaeological data. At the current state of research, the distribution of sites 
does not show evidence of a great evolution of the coastline between the Ist millennium 
BC and Ist centuries AD. It is possible that, with the emerging of the sandbar between 
1000 and 500 BC, the lagoon slowly started to be filled by the Sediments of Cornia River, 
progressively changing into marshes. Historical maps from the beginning of the 19th 
Century may show evidence of the end of this process. 

The proposed reconstruction of the landscape is the basis for the interpretation of the 
archaeological findings: the defmition of the wetland area and of the dry land allows us to 
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determine the space for farming and the space for the exploitation of lagoon resources as 
in the three case studies below. 

So, during the first spread of sites, between the 7th and 6th Century BC, is possible to 
define two different groups of sites, thanks to the topographic position and the kind and 
number of recovered materials. The small number of recovered sherds, high percentage 
of raw impasto storage pottery, together with the absence of fine wäre, are markers of 
a group of small sites very close to the hypothetical lagoon area. On the other hand, 
a greater number of open sites, in the center of the plain, with less storage vases and a 
certain amount of bucchero wäre were probably little farms, providing the main center 
of Populonia with agricultural products. 

After a period of great decrease in the number of sites, caused by great social and 
political changes in the town of Populonia, the 3rd-lst Century BC phase shows evidence 
of a new spread of Settlement. A number of little sites are close to the lagoon; the main 
farms, that will become villas at the end of the period, 13 are set in the internal part of the 
plain. 

During the imperial period there is a crisis of Settlement. Great land-owners pro- 
gressively acquire new properties, causing a decrease of little farms and villages. 14 The 
phenomenon also affects the area close to the lagoon shoreline. Only few sites date back 
to this period. One of them, at Carlappiana, is very close to the lagoon, and according 
to Campana 15 and Patera 16 is strictly connected with the mansio/villa site of Vignale, 
probably providing it with products from the lagoon (fish and salt). It is possible the 
same model could be applied to the other little sites on the lagoon side, now controlled 
by the main villas. 
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Introduction 

Roman agricultural practices, such as irrigation, drainage, crop rotation, selective ma- 
nuring and crop selection according to soil type, are well known from several Latin 
texts, including Columella’s De re rustica, Varro’s Rerum rusticarum libri III, Cato the 
Eider’s De agri cultura, and Palladius’ Opus agriculturae. Roman texts on land division 
and arrangement are also compiled in the Corpus Agrimensorum Latinorum. In the field, 
however, the identification of these Roman practices has been much more problematic. 
In the almost complete absence of empirical data, Roman land division, referring mainly 
to centuriation, a land division System in which part of a city’s territory was divided into 
an orthogonal grid of land plots by roads, has been equated with extensive agricultural 
Systems. 1 

In contrast to current thinking, previous work on Iron Age and Roman landscapes, in- 
corporating archaeomorphological analyses, survey and excavation data, palaeoenviron- 
mental data, and GIS analyses, has indicated that Roman centuriations were not directly 
related to agriculture and their landscape impact was much less significant than previously 
assumed. 2 These studies further highlighted the significant role of Coastal environments, 
littoral lagoons and water management in Roman agricultural practices. 

Overall, a radically different picture of Roman land allotment and exploitation Sys¬ 
tems can now be put forward and tested using a key case study. The main objectives of 
this research are to: 

• Record the agricultural use and landscape impact of Roman large-scale field division 
Systems; 

• Assess the importance of Iron Age and Roman hydrology control and use and 

• Establish the differences between the Iron Age and Roman occupation patterns and 
how these are related to agricultural practices and the first large-scale management 
of Coastal wetlands. 


1 
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Fig. 1 | The study area 
(5m/cell DTM provided by the 
Centro Nacional de 
Informacion Geografica). 


1 The Study Area 

The study area (Fig. [T} is located on the eastern coast of Spain in the province of Va¬ 
lencia, covering an area of 990km 2 . The easternmost part of the study area includes 
the Horta Sud region, a floodplain characterised by agricultural practices heavily relying on 
irrigation, delimited by the Albufera Coastal lagoon in the East, a low elevation calcareous 
ränge in the West, and the rivers Turia and Jucar in the North and South. The western¬ 
most sector of the study area includes part of the Ribera Alta region, an inner area with 
a more irregulär topography characterised by a dry farming agricultural System. Düring 
the last 20 years intensive survey due to urban development and research has resulted in 
the collection of an impressive amount of data. The two most important nuclei in the 
study area are La Carencia, an Ibero-Roman oppidum (5th Century BC to 4th Century 
AD), and the Roman city of Valentia (modern Valencia), a Colonia founded in 138 BC, 
next to the Alburefa Coastal lagoon and given to the veterans who served under Viriathus. 

La Carencia has an urban area of about 8ha and it has been identified as the lost Iberian 
city of Kili/Gili, only known by its monetary production. More than 50 settlements have 
been located during the last few years that can be associated to this oppidum? Regarding 
Valentia , several studies have identified a centuriated network 4 and many villae and other 
rural settlements in its territory, many of which border the historic limits of the Albufera 
lagoon. 5 The proximity of these two nuclei suggests a shared territory, and therefore, 
an integrated study of the site distribution across the whole area can offer meaningful 
insights into changing occupation patterns from the Iron Age (Iberian) to the Roman 
period. The significance of the study area lies in the combination of identified Roman field 
Systems, well-known occupation patterns in both the Iron Age and the Roman period and 
the presence of the Albufera littoral lagoon, which according to geomorphological and 
sedimentological data was during the Roman period many times bigger than its current 
extern. 6 
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2 Methodology and Sources 

This research has incorporated a combination of geospatial technologies applied to the 
study of occupation patterns and agricultural exploitation but also to the analysis of 
ancient hydrology control and use by adopting a multidisciplinary approach: 

• The introduction of all Iron Age and Roman sites into a GIS geodatabase was core, 
allowing differentiation between Iberian and Roman settlement patterns. 

• Archaeomorphological analysis contributed to the investigation of the Roman com- 
munication network and field Systems (including the verification of the different 
centuriation hypotheses around Valentia), following previously developed method- 
ological approaches. 7 

• In order to perform hydrological analyses in the study area it was necessary to 
correct the major modifications of the landscape made with the construction of 
a new riverbed of the Turia river during the early 1960s. In order to do so, a high- 
resolution topography of the area transformed by large-scale watershed modifica¬ 
tions had to be developed. Thus, several 1956 USAF vertical aerial stereophotographs 
were used to reconstruct the ancient topography by means of photogrammetrical 
block triangulation. Ground Control Points were obtained from the Cartographic 
Institute of Valencia (ICV). The photogrammetrical derived model was transformed 
into a raster DTM of 20m/cell. 

• The 20m/cell DTM developed by photogrammetrical block triangulation repre- 
senting the area prior to the 1960s landscape modifications, allowed the discrimina- 
tion of the new riverbed by a Cut and Fill comparison with a LiDAR-derived lm 
DTM provided by the ICV. The “filling” of this artificial riverbed in the lm DTM 
by employing the photogrammetrical derived DTM allowed a combined model to 
be obtained in which sedimentological data describing the ancient course of the 
Turia river 8 was incorporated. According to Carmona and Riu 9 the river discharged 
into the Albufera Coastal lagoon during the Roman period. From this combined 
model a depressionless DTM was produced by a process of sink identification and 
filling. The depressionless DTM was employed to extract river basins and sub-basins 
and model the area’s hydrological network using the Standard hydrological mod- 
elling tools implemented in ArcGIS 9.3. 

• The use of advanced hydrological modelling was also necessary, permitting the 
Simulation of flooding areas, water accumulation zones and seasonal water level 
variations in the Albufera littoral lagoon but also in rivers and flooding zones of 
the study area. To this end, HEC-RAS 4.1 Software, developed by the US Army 
Corps of Engineers has been employed in combination with HEC-GeoRAS 4.3 
and ESRI ArcGIS 9.3. Calibration of the model, in terms of channel roughness 
coefficient Manning’s ‘n’ values, was derived from the reference tables provided 
by Chow 10 , through field observation, photo Interpretation and geological infor- 
mation provided by the Geological Survey of Spain. Cross-sections were extracted 
from the LiDAR-derived lm DTM. Finally, Information on flood occurrences, their 
extension, ränge and frequency in the study area, supplied via WMS by the Regional 
Council of Environment, Water, Urban Development and Residential Planning was 
also incorporated. This Information complemented the more detailed HEC-RAS 
hydrological model. 
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• Several multiband satellite imagery, such as ASTER and Landsat, were also em- 
ployed to locate moisture accumulation areas and palaeorelief features, which in- 
fluenced the Settlements, and exploitation dynamics. It also helped to dehne the 
historic limits of the Albufera before its medieval drainage. The combination of 
thermal ASTER data and Landsat TM band 5 provided a good approximation to 
soil moisture content. 

• Written documentation and ancient map analysis was also used to evaluate the 
extent of areas prone to flooding prior to the Erst reservoirs in the 18th Century and 
to provide a maximum water input to the reconstruction of the ancient hydrological 
System. The analysis of ancient maps depicting flooding episodes was particularly 
useful for this. 

• GIS-based geostatistical analyses, in particular the Kolmogorov-Smirnov test, al- 
lowed the construction of a hypothesis on the influence of Roman agricultural 
practices in relation to settling preferences, territory Organisation and water man¬ 
agement. These analyses allowed the testing of the significance of site distribution 
along centuriated Roman roads, along the edge of flooding areas and the proximity 
of sites to water sources. 

In a second phase the project will also incorporate a series of techniques which will allow 
a much more in-depth analysis of the previously obtained data: 

• Palaeoenvironmental data and geoarchaeological records, some of them already avail- 
able for the Albufera, will provide the necessary background palaeoevironmental 
data to test the model. 

• Ground truth test pit excavation of palaeofeatures of archaeological interest will 
provide dating material and confirm the preliminary typological assessment made 
by remote sensing. 

• Results obtained in the study area will be compared with other littoral areas for 
which good datasets incorporating archaeological and palaeoenvironmental data 
are available, such as Tarraco (modern Tarragona), Barcino (modern Barcelona) and 
Emporiae (modern Empuries). This will permit assessment of the significance of 
the data and the local or broader character of the Roman landscape use patterns 
documented in Valencia. 


3 Preliminary Results 

The distribution of archaeological sites suggests rather different Settlement patterns for 
Iberian and Roman sites. While Iberian sites are mainly located around the city of la 
Carencia showing a preference for well-drained soils and water springs, Roman Settle¬ 
ments are located close to river flooding areas and wetlands. After the foundation of 
Valentia the territory around la Carencia is progressively abandoned for the floodplain 
area around Valentia. 

The combined DTM provided an approximate picture of the topography of the study 
area during the Roman period. The conjunction of this data allowed the use of hydrolog¬ 
ical modelling in the reconstruction of an extensive Coastal lagoon with seasonal water 
variations. Flood modelling was also applied to the Simulation of the area’s major rivers’ 
flooding catchments. 

Preliminary archaeomorphological analysis indicated the absence of any definitive 
proof of a centuriation in the study area. However, several axes can be related to Roman 
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■ Sites I I Floodable areas 


Fig. 2 | Settlement patterns, flooding areas and archaeomorphological traits from the Iberian to the Roman 
period (5m/cell DTM provided by the Centro Nacional de Informacion Geografica). 


roads, mainly, the via Augusta (Fig.[2j. Only three Roman sites can be related to this road 
while most other settlements are located along the edge of the Albufera lagoon and close 
to flooding areas (Fig.[2j. 


4 Discussion 

Although definite results cannot be offered at this early stage of the project, some pre- 
liminary hypotheses can already be put forward. The location of Roman villae and rural 
settlements along the edge of the Albufera Coastal lagoon at its seasonal maximum suggest 
intensive seasonal agricultural exploitation of the rieh organic Sediments deposited during 
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its maximum rather than, as it has been previously suggested, a first drainage of the lagoon 
during the Roman period. Settlement data around the city of la Carencia indicate a similar 
pattern: while previous Iberian sites are abandoned, newly founded Roman sites in this 
area are closely associated to seasonal wetlands and river flooding areas (Fig.[2j. 

The scarcity of traces of Roman land division Systems and roads in the study area 
might not be entirely related to preservation issues. The existence of a Roman centuria- 
tion in the area, as was repeatedly suggested during the last 40 years, should not be taken 
for granted since little evidence exists to support this apart from the via Augusta. The 
few villae located along the via Augusta do not appear to be dedicated to agricultural 
exploitation. In-depth study of the area’s archaeomorphology in a second stage of this 
project will provide further data in this context. 

These data are in accordance with the evidence found in well studied areas such as Tar- 
raco and Barcino, where the existence of a centuriation was not related to more extensive 
agricultural exploitation. These areas show a concentration of agricultural activities in 
the riverbeds and Coastal areas while, in general, human impact on the landscape is scarce. 


5 Conclusions 

All these data seem to suggest major changes to previously held theories on the agricul¬ 
tural use of large-scale field divisions during the Roman period. Field divisions appear not 
to have only served the agricultural exploitation of land but they were also a Statement 
of the new Roman Status of the territories. Roman agriculture in the eastern littoral of 
Spain thus, according to current data, thoroughly exploited Coastal and river resources to 
develop an intensive agricultural management rather than an extensive management of 
the territories in the hinterland. 


The Impact of Agricultural Practices and Water Management in the Eastern Spanish Coast 


397 


Bibliography 

Arasa 2003 

F. Arasa. “El territori, vies i centuriacions”. In Romans i Visigots a les Terres Valen- 
cianes. Ed. by H. Bonet, R. Albiach, and M. Gozalbes. Valencia: Museu de Prehistoria 
i de les Cultures de Valencia, 2003, 151-160. 

Carmona 2003 

P. Carmona. “La plana litoral valenciana en epoca antiga”. In Romans i Visigots a 
les Terres Valencianes. Valencia: Museu de Prehistoria i de les Cultures de Valencia, 
2003, 57-62. 

Carmona and Riu 2011 

P. Carmona and J.M. Riu. “Historical Morphogenesis of the Turia River Coastal 
Flood Plain in the Mediterranean Littoral of Spain”. Catena 86 (2011), 139-149. 

Chow 1959 

V.T. Chow. Open-Channel Hydraulics. New York: McGraw-Hill, 1959. 

Orengo (in press) 

H.A. Orengo. “L’EIorta Sud. Consideracions per a l’estudi d’un paisatge cultural”. 
In Arqueologia de l’Horta Sud. Ed. by A. Pitarch and L. Alapont. Torrent: Institut 
d’Estudis Comarcals de l’Horta Sud. In press. 

Orengo, Ejarque, and Albiach 2010 

H.A. Orengo, A. Ejarque, and R. Albiach. “Remote Sensing and GIS Applied to the 
Study of an Iberian Iron Age Oppidum’s Hinterland: La Carencia Project (Valen¬ 
cia, Spain)”. In Making History Interactive. Proceedings of the 37th Annual Interna¬ 
tional Conference on Computer Applications and QuantitativeMethods in Archaeology, 
Williamsburg, Virginia (United States). Ed. by B. Fischer. BAR International Series 
2079. Oxford: Archaeopress, 2010. 

Orengo and Palet 2010 

H.A. Orengo and J.M. Palet. “Methodological Insights into the Study of Centuriated 
Field Systems. A Landscape Archaeology Perspective”. Agri Centuriati. Journal of 
Landscape Archaeology 6 (2009) (2010), 171-185. 

Palet and Orengo 2011 

J.M. Palet and H.A. Orengo. “The Roman Centuriated Landscape. Conception, Ce- 
nesis and Development as Inferred from the Ager Tarraconensis Case”. American 
Journal of Archaeology 115.3 (2011), 383-402. 

Palet, Orengo, and Riera-Mora 2011 

J.M. Palet, H.A. Orengo, and S. Riera-Mora. “Centuriacion del territorio y mod- 
elacion del paisaje en los llanos litorales de Barcino (Barcelona) y Tarraco (Tarragona): 
una investigacion interdisciplinar a traves de la integracion de datos arqueomorfologi- 
cos y paleoambientales. Agri Centuriati”. International Journal ofLandscape Archae¬ 
ology 7 (2010) (2011), 113-129. 

Pingarron 1981 

E. Pingarron. “Rastreo de una «centuriatio» en la zona sur del la huerta de Valencia”. 
Cuadernos de Geograßa 29 (1981), 161-176. 



398 


Hector A. Orengo 


Hector A. Orengo, Department of Archaeology, University of Nottingham, University 
Park, Nottingham, NG7 2RD, United Kingdom, horengo@icac.net 



Journal for Ancient Studies 



Special Volume 3 (2012), pp. 399-403 


Philipp Hoelzmann - Björn Rauchfuß - Burkart Ullrich - 
Wiebke Bebermeier - Georg Kaufmann - Brigitta Schütt - 
Michael Meyer 

Coupling of Geomorphological, Geophysical, 
Geochemical and Archaeological Spatial Data for a 
Study of the Interface of the Latene and Przeworsk 
Cultures in NE Germany 


in Wiebke Bebermeier - Robert Hebenstreit - Elke Kaiser - Jan Krause (eds.), Landscape 
Archaeology. Proceedings of the International Conference Held in Berlin, 6th - 8th June 2012 


Edited by Gerd Graßhoff and Michael Meyer, 
Excellence Cluster Topoi, Berlin 

eTopoi ISSN 2192-2608 
http://journal.topoi.org 


Except where otherwise noted, 
content is licensed under a Creative Commons 
Attribution 3.0 License: 
http://creativecommons.Org/licenses/by/3.0 




Philipp Hoelzmann - Björn Rauchfuß - Burkart Ullrich - Wiebke 
Bebermeier - Georg Kaufmann - Brigitta Schütt - Michael Meyer 

Coupling of Geomorphological, Geophysical, 
Geochemical and Archaeological Spatial Data 
for a Study of the Interface of the Latene and 
Przeworsk Cultures in NE Germany 


Landscape evolution; Przeworsk culture; geomorphological and geochemical analyses; 

geophysical prospection. 

Two different types of Iron Age Settlements are known from the Southern Harz-Foreland 
(northern Germany): the local Iron Age culture and the Przeworsk culture. Sites of the 
Przeworsk culture (c. 2,1 ka BP) are the subject of an interdisciplinary project of the Freie 
Universität Berlin within the excellence cluster TOPOI, focussing on landscape evolution 
south of the Harz Mountains since the early Holocene. The Przeworsk culture migrated 
to peripheral positions at the northern edge of the fertile floodplain of the Helme River. 
This is in contrast to the locally already existing society of the Latene culture that was 
organized around central sites. 

The basic research questions addressed here are: (1) how did the palaeoenvironment 
develop after the Late Glacial; (2) how were the Settlement sites of the Przeworsk’s culture 
organized in space and time; (3) did their peripheral Settlements have any impact on the 
local environment; (4) what was the relationship between the Przeworsk culture and the 
already existing local Iron Age culture? 

In northern Germany the Harz Mountains are the highest mountain ränge (Brocken: 
1141m) and extend for about 110km NW-SE and 40km NE-SW. The Harz Mountains 
consist of Palaeozoic and Mesozoic rocks that attracted human activity in the region long 
before the well-known ancient mining sites where copper and silver ores were exploited 
from the Middle Ages. Metal use from the Harz Mountains can be traced back before 
the Bronze Age when bog-ore deposits and iron-rich clay concretions (so-called Geoden) 
of the Buntsandstein Formation were used. 1 The investigated Settlement sites are situated 
between the Thuringian Basin to the south and the Palaeozoic rocks of the Southern Harz 
Mountains, just north of the fertile plain ‘Goldene Aue’ of the River Helme. Triassic 
Sediments of the Buntsandstein Formation (silts and sandstones) form the bedrock and 
dominate the locations. The slopes are covered by periglacial debris and Pleistocene loess. 
The three investigated sites of the Przeworsk culture (Himmelgarten, Leimbach, Urbach) 
are situated in similar positions along the transition Zone from the Southern slopes of the 
Harz Mountains to the Goldene Aue within first-order tributary valleys of the Helme 
River. These Settlements are about 3-4km apart, have straightforward catchment areas 
of ca. 10km 2 with a relatively strong relief (c. 400-150m a.s.l) and all are positioned on 
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the so-called Niederterrasse (lower terrace) along the Western bank of the tributaries. De- 
tailed studies at the Leimbach site near to the ‘Krummbach’ tributary using geophysical 
surveys, archaeological excavations, and geochemical analyses of soil samples yield the 
following results. 

The valley fills bottom out on sandstone bedrock or periglacial sandstone debris and 
consist of five to six meters of Sediments that represent and archive the late Glacial— 
Holocene—to subrecent landscape evolution. Above the bedrock there follows a basal 
zone of sandy silt and clay with reworked loess and occasionally periglacial debris that 
have been dated to 21.5 to 13.4 cal ka BP. Organic-rich calcareous clays intercalated with 
freshwater calcareous mud and calc-tufa represent the early- to mid-Holocene (10.5 to 6.8 
cal ka BP) and comprise the already described ‘Rieth’-Series. 2 Flood plain Sediments— 
14 C-dated from 3.6 to 1.6 cal ka BP—follow with a distinct transition to the underlying 
Rieth-series. The late Holocene is represented by up to 2m thick colluvial layers that 
consist of clastic Sediments that often formed alluvial fans reaching into the tributaries 
and were 14 C-dated from 1.6 to 0.4 cal ka BP. 

The geophysical surveys in Leimbach were undertaken applying large scale magnetic 
surveys and, additionally, resistivity surveys at selected areas. For the magnetic surveys 
a portable multichannel device using up to 10 gradiometers was used prior to the ar¬ 
chaeological excavations. The resistivity surveys were performed with a PC-controlled 
multichannel resistivity meter GeoTom MK100IP/SIP that is able to control up to 100 
electrodes in various electrode configurations and measures at frequencies between 1 Hz 
and 25 Hz. The magnetic surveys at Leimbach cover an area of 15.5ha. The magnetic 
gradient map shows archaeological remains of the Iron Age Settlement, indicated by 
more or less circular positive anomalies caused by Settlement pits of different kinds, as 
well as large-scale magnetic features that are aligned in a WNW-ESE direction, orientated 
almost perpendicular to the lower-lying valley of the ‘Krummbach’ (Fig.|T]site Leimbach). 
Additionally, resistivity measurements along a north-south oriented 350m long profile 
Crossing these magnetic anomalies were performed. The resulting resistivity cross-section 
shows low resistivity values of c. 30-40 Elm near the Senfzengraben in the south, as 
well as for the bedrock. The WNW-ESE aligned channels identified in the magnetic 
mass show mainly high resistivity values with about 60 Elm down to a depth of 2m. 
Highest resistivity values are found on the plateau of the Settlement and result from a 
high accumulation rate of loess and sand. 

Transects of cores (up to 6m depth; Fig. [ljj) show that the linear geomorphological 
structures follow isobaths and that they are incised into the basement of clayey to silty 
Buntsandstein. The channels are filled from bottom to top with skeletal (periglacial) de¬ 
bris, loess-like Sediments (carbonatic but free of organic substances), a Przeworsk culture 
occupation layer, enriched in organic substances and with higher magnetic susceptibility, 
and colluvial Sediments at the top (Fig.[2|t. We interpret these linear structures—that today 
often form dry valleys—as paleo-channels that were incised into the bedrock and incised 
further under periglacial conditions during the late Glacial, when tundra-like conditions 
with permafrost prevented the water from percolating and allowed dissection. Thereafter 
they were covered by loess-like Sediments and with the increasing Vegetation cover they 
probably became inactive. During the Settlement phase of the Przeworsk culture the 
isobath were filled with up to 2m of Sediments when severe colluvial mass movements 
occurred. 

This is also corroborated by detailed geochemical and sedimentological analyses (soil 
analyses including magnetic mass susceptibility, grain size analyses, carbon determina- 
tion, phosphate analyses) of the pits and house settlings originally identified by the geo¬ 
physical prospection. Below the plough horizon (Ap = top 40cm) these circular features 
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Fig. 1b 


Leimbach: 2D-lmaging 
Resistivity [Ohm*m] 
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Fig. 1 | (a) Leimbach site with the first-order tributary Krummbach along the eastern side and the 
subsurface remains of the Settlement. The orthophoto in the background is taken from GeoBasisDE / 
TLVermGeo. Superimposed on the aerial photography is the magnetic survey (±3 nTm -1 ) as a grey-scale 
image (±6 nTm -1 ). From the magnetic survey archaeological remains—indicated by more or less circular 
positive anomalies—were identified. At Settlement areas (f.e. in the north and in the south) the magnetic 
anomalies show concentrations. Large scale anomalies were interpreted as geomorphological structures and 
verified by transects of cores (cf. legend), (b) ERT cross-section superimposed on the magnetic map. 


























402 


Philipp Hoelzmann et al. 



palaeo-soil sequence 

terrain surface (c. 2150 a BP) 

- " "Ä (eluvial horizon) -' 



loess-like Sediments (C) 
(parent soil horizon) 


filling of the pit 
with decalcified, organic- 
enriched colluvial material 
from the palaeo-soil-sequence 



A' 


B' 


Fig. 2 [ (a) photo of pit # 62 below the present plough horizon (Ap), (b) geochemical and sedimentological 
analyses horizontally across every 10cm of the circular pit # 62 exhibiting magnetic susceptibility; total 
organic carbon (TOC) and total inorganic carbon (TIC) contents; Substrate pH-value and electric 
conductivity, (c) sketch of the development of the circular pits. 


are clearly distinguishable due to their dark coloring (Fig. [2j. Samples were taken every 
10cm horizontally across the pits into the surrounding loess-like Sediments (C-horizon). 
The pits show diameters between 1 and 2,5m and originate in carbonatic, silty (loess- 
like) Sediments representing the parent soil horizon (C-horizon). The filling of these pits 
consists of decalcified Sediments with higher organic carbon and phosphate contents as 
well as enriched magnetic susceptibility (Fig. [2j. The pits were filled with anthropogenic 
input (Przeworsk culture) together with colluvial Sediments and palaeo-soil material. 

The Integration of the results from archaeological, geophysical, geomorphological, 
and geochemical investigations revealed that the Settlement sites of the Przeworsk culture 
underwent periods with severe colluvial mass movement, and therefore only low-lying 
anthropogenic features (e.g. pits) are found in situ. At the beginning of the occupation 
by the Przeworsk culture (c. 2,1 ka BP) the original relief of the Settlements was different 
from the present topography. The relief Variation was more accentuated and the incised 
periglacial valleys were steeper. At the hilltops of the Settlements at least 80cm from 
the original soil profiles have been transported into lower positions where up to 2m of 
colluvial Sediments and a cultural layer were deposited. 

The interdisciplinary approach at the Iron Age Settlements illustrates the potential 
of different techniques. The near surface remains of the Settlement as well as geomor¬ 
phological features were detected by large scale geophysical surveys. Following targeted 
excavations, corings and material analyses revealed the data base for archaeological analy¬ 
ses and landscape reconstructions. 
































Coupling of Geomorphological, Geophysical, Geochemical and Archaeological Spatial Data 


403 


Bibliography 

Heise 2012 

C. Heise. Geoden aus dem Unteren Buntsandstein (Nordhausen-Folge) des südlichen Harz¬ 
vorlandes als potentieller Rohstoff für eisenzeitliche Verhüttung. MA thesis. Freie Uni¬ 
versität Berlin, Fachbereich Geowissenschaften, 2012. 

Ullrich et al. 2011 

B. Ullrich et al. “Geophysical Prospection in the Southern Harz Mountains, Ger- 
many. Settlement History and Landscape Archaeology along the Interface of the 
Latene and Przeworsk Cultures”. Archaeological Prospection 18 (2011), 95-104. 

Unger and Rau 1965 

K.P. Unger and D. Rau. “Zur Gliederung und Entwicklung der rezenten Talauen 
des zentralen Thüringer Beckens - Ergebnisse der geologisch-bodenkundlichen Auf¬ 
nahme des Meßtischblattes Weißens ce.”. Jahrbuch für Geologie 1 (1965), 395-410. 


Philipp Hoelzmann (corresponding author), Freie Universität Berlin, Institut für 
Geographische Wissenschaften, Physische Geographie, Malteserstrasse 74-100, 12249 
Berlin, Germany, phoe@zedat.fu-berlin.de 


Björn Rauchfuß, Freie Universität Berlin, Institut für Prähistorische Archäologie, Al¬ 
tensteinstrasse 15, 14195 Berlin, Germany 


Burkart Ullrich, Eastern Atlas, Geophysical Prospection, Berliner Str. 69, 13189 Berlin, 
Germany 


Wiebke Bebermeier, Freie Universität Berlin, Institut für Geographische Wissenschaften, 
Physische Geographie, Malteserstrasse 74-100, 12249 Berlin, Germany 


Georg Kaufmann, Freie Universität Berlin, Institut für Geologische Wissenschaften, 
Sektion Geophysik, Malteserstrasse 74-100, 12249 Berlin, Germany 


Brigitta Schütt, Freie Universität Berlin, Institut für Geographische Wissenschaften, 
Physische Geographie, Malteserstrasse 74-100, 12249 Berlin, Germany 


Michael Meyer, Freie Universität Berlin, Institut für Prähistorische Archäologie, Al¬ 
tensteinstrasse 15, 14195 Berlin, Germany 



Journal for Ancient Studies 



Special Volume 3 (2012), pp. 405-410 


Mattia Raccidi 

Wagons on the Move. The Study of Wagons 
through Landscape Archaeology 

in Wiebke Bebermeier - Robert Hebenstreit - Elke Kaiser - Jan Krause (eds.), Landscape 
Archaeology. Proceedings of the International Conference Held in Berlin, 6th - 8th June 2012 


Edited by Gerd Graßhoff and Michael Meyer, 
Excellence Cluster Topoi, Berlin 

eTopoi ISSN 2192-2608 
http://journal.topoi.org 


Except where otherwise noted, 
content is licensed under a Creative Commons 
Attribution 3.0 License: 
http://creativecommons.Org/licenses/by/3.0 




Mattia Raccidi 


Wagons on the Move. The Study of Wagons 
through Landscape Archaeology 
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First attestations of wheeled-vehicles in the Ancient Near East come from Uruk. The 
proto-cuneiform signs from the end of the 4th millennium BC represent a sledge sus- 
tained by four wheels or two rollers that could be considered as archetype of the 3rd 
millennium BC wagons. The evolution of wheeled-vehicles is confirmed by the discovery 
of four-wheeled chariots in tombs at Ur and Kish dating back to the first half of the 3rd 
millennium BC, in addition to the so-called Standard of Ur that represents a procession 
of four-wheeled war chariots. 

Düring the second half of the 3rd millennium BC in Syria, a rapid increase in docu- 
mentation relating to wagons is attested. Terracotta models, seals or seal impressions and 
written sources from many Syrian sites (such as Ebla, Mari, Terqa, Hama, Teil Brak/Nagar, 
Teil Bi’a/Tuttul, Teil Beydar/Nabada, Teil Mozan/Urkesh, Teil Barri/Kahat, Teil Arbid, 
Teil Selenkahiye etc...) prove the use and diffusion of both two- and four-wheeled vehi- 
cles. Although no full-size chariots have been found in Syria, it is possible to reconstruct 
their morphology and their function based on the documentation mentioned above. 

The study of the vehicles’ morphology (number of wheels, body morphology, shape 
and position of the axles) through comparison between different categories of documenta¬ 
tion was adopted first by M.A. Littauer and J.H. Crouwel in their book. 1 They recognised 
three different types of vehicles: a four-wheeled “battle car,” a two-wheeled “straddle 
car” and a two-wheeled “platform car.” A more detailed typology, based on the study of 
terracotta models (Fig.[l]l and glyptic representations is: 1) Two-wheeled platform body. 2) 
Two-wheeled box body. 3) Two-wheeled platform body with footboard. 4) Four-wheeled 
platform body. 5) Four-wheeled box body. 6) Four-wheeled covered vehicle. 2 

This approach on the study of the wagon is valuable, especially for reconstruction of 
their form, but is too limited to allow an understanding of their function. Glyptic repre¬ 
sentations and written sources provide partial Information on their use. In particular war 
chariots and cultic wagons are often represented on 3rd millennium BC Syrian glyptic, 
while texts, in addition to the previous vehicles, provide information on a type of wagon 
used to carry loads. This wagon type was identified by the terms Gl SM AR. Gl D 2 .DA, 
GISGIGIR-SUM from Ebla texts. 4 

To date, previous studies on this topic have considered wagons as disjointed from the 
landscape in which they were used; they were objects without space. The main goal of 
the research aims to deepen the understanding of the function of the Early Bronze Age 
wagons through the study of the landscape in which they were used. 
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The investigated area is part of the so-called “Khabur Triangle,” corresponding to mo¬ 
dern north-eastern Syria. This area in particular is located between the wadi Jaghjagh (east) 
the wadi Aweidj (west) and the wadi Radd (south) and comprises many important 
Bronze Age sites (such as Teil Brak/Nagar, Teil Beydar/Nabada, Teil Arbid, Teil Barri/Ka- 
hat, Teil Chagar Bazar/Ashnakkum) with conspicuous documentations related to wagons 
(models, glyptic representations, written sources). 

First studies on the landscape of the Khabur region date back to the 1930s of the 
last Century. Anton Poidebard flew over the Khabur basin producing numerous aerial 
photographs with the aim of studying the landscape of the eastern frontier of the Roman 
Empire. 5 In the 1950s, the archaeologists Willem Van Liere and Jean Lauffray were the 
first to recognize and map hollow ways associated with Bronze Age Teils and Byzantine 
sites. 6 In recent years, many surveys have been made: in the area around Teil Beydar, 7 in 
the region to the west of the wadi Jaghjagh 8 and in the hinterland of Teil Brak. 9 The two 
archaeologists who have studied the landscape and hollow ways of northern Mesopotamia 
are Tony Wilkinson 10 and Jason Ur. 11 Ur has mapped more than 6000km of hollow ways 
between the Khabur basin and northern Iraq based on CORONA satellite photographs. 12 


1934 


Poidebard 
Van Liere anci Lauffray 
Wilkinson 


5 

6 

7 

8 Lyonnet 1 9Vb| Lyonnet 


2000 


I 

d, 


1954 


1998 

Ur, Karsga arq, a nd Oates 


12 Ur 


2011 


20 


Lyonnet 


2000 


10 Wilkinson 1993; Wilkinson et al. 

11 Ur|2003l UFI2ÜÜ9I Ur 


2011 


2010 
Ur and Wilkinson 


2008 






































Wagons on the Move. The Study of Wagons through Landscape Archaeology 


407 



Fig. 2 | Bronze Age sites with internal (black) and external (red) hollow ways, based on OIP 137-3, Ur 
2011 


The hollow ways are the main feature studied in this paper. According to Wilkinson 
and Ur, they represent the modern remains of ancient tracks or paths produced by the 
continuous passage of human, animal and vehicle traffic. They can be divided into two 
types: broad and narrow. Broad hollow ways (60-120m wide; 0.50-1.50m deep) are 
associated with Bronze Age sites and have a radial pattern around the main Bronze Age 
Teil of the region. Narrow hollow ways (30-60m wide) are instead associated with Byzan- 
tine and Islamic sites. Hollow ways are clearly visible via remote sensing, especially by 
CORONA satellite photographs. They appear as dark linear lines in the landscape, often 
with light margins due to the concavity of the feature (broad HWs). Some of them around 
Teil Brak were archaeologically investigated by Wilkinson. 13 

The first Step of the present research was to identify Bronze Age sites in the investi¬ 
gated area based on data from surveys. 14 A total of 120 Bronze Age sites were identified. 
Subsequently, broad hollow ways, connected to Bronze Age sites, were remapped starting 
from Map OIP 137-3. 15 They are divided into two main types: internal and external 
hollow ways for a total of more than 1125 km (Fig. [2|. Internal hollow ways (645.05km) 
represent the spokes around the main Bronze Age sites and in most cases do not have 
the function of connecting sites each other. External hollow ways (480.60km) instead 
do not have a radial pattern and connect sites together. The end of the internal hollow 
ways represents the boundary of the cultivation zones, beyond them there are the pasture 
zones. 16 

Starting from these assumptions, two main analyses have been made. The first is use- 
ful to understand the boundaries of the area of relevance of the Settlements. 17 It is based 
on a comparison of the Thiessen/Voronoy polygons and the cultivated zone delimited 
by the internal hollow ways. The second analysis is useful for understanding whether 
the principle of maximum efficiency is applicable for the hollow ways. It consists of the 
comparison between the hollow ways (internal and external) and the Delauney network. 
In the central part of the investigated area, a correspondence always greater than 50% has 
been found. 
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The study of the hollow ways attests to a dense network of tracks or paths connecting 
Bronze Age sites with each other and with their cultivation zones, but which kind of 
wagons passed through this landscape and for which kind of use? 

Through comparison between wagon documentation and the study of the landscape, 
it is possible to identify two types of four-wheeled wagon used during the Bronze Age 
for two main purposes: work on the fields (these vehicles passed through internal hollow 
ways) and trips between sites (these vehicles passed through internal and external hollow 
ways). 
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